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GROUND WAVE PROPAGATION OVER IRREGULAR, INHOMOGENEOUS
TERRAIN: COMPARISONS OF CALCULATIONS AND MEASUREMENTS

R. H. Ott, L. E. Vogler, and G. A. Hufford*

An algorithm (PROGRAM WAGNER) that evaluates HF
ground-wave attenuation over irregular, inhomogeneous
terrain is used to compare calculated field strengths
with observed measurements for 9 actual paths and
frequencies ranging from 120 kHz to 50 MHz. All
comparisons show encouraging agreement between calcu-
lations and measurement. The 20 MHz comparisons over
the Colorado Mountains provided a challenge for
PROGRAM WAGNER.

Key Words: HF-VHF groundwave prediction; integral
equation method; irregular terrain;
measurement comparisons; radio propagation.

1. INTRODUCTION

A method for calculating the ground-wave field over irregu-
lar, inhomogeneous terrain was developed by Ott (1970, 1971la),
and comparisons with alternative analytical methods were made
for idealized terrain profiles such as concave parabolas, sea-
land-sea paths, and single Gaussian ridges (Ott, 1971b, 1974).
The excellent agreement between methods like Fock currents for
concave surfaces, the classical residue series, and an integral
equation developed by Hufford (1952), and Ott's method based
upon an elementary function (closely related to the Sommerfeld
flat-earth attenuation function) for the parabolic wave equat-
ion provided encouragement for the usefulness of Ott's method
and the associated algorithm.

The computer program (called PROGRAM WAGNER) implementing
the method based upon the parabolic wave equation is described
in Ott (197l1la). Improvements in the algorithm PROGRAM WAGNER
which have been developed are: 1) a linear interpolation to
represent the terrain heights between input terrain heights
versus distance, and 2) the inclusion of an effective height-

gain function to account for the influence of an elevated

*The authors are with the U. S. Department of Commerce, National
Telecommunications and Information Administration, Institute for
Telecommunication Sciences, Boulder, Colorado 80303.




transmitting and/or receiving antenna. The input terrain height
versus distance data can be obtained from existing digitized
profiles (Hopkins, 1977).

The purpose of the present paper is to describe certain
extensions and modifications of the original program, and also
to present a comparison of computed field strength values with
actual measurements obtained over nine particular paths and
frequencies ranging from 120 kHz to 50 MHz.

A draft new report on propagation over irregular, inhomo-
geneous terrain based on PROGRAM WAGNER was recommended in the
CCIR XIV Plenary Assembly ih June 1978 in Kyoto, Japan as a
contribution to propagation by diffraction" and will be recom-
mended to the Special Preparatory Meeting for GWARC-79 scheduled
for October 1978 in Geneva. In addition, several groups in this
country have implemented the computer algorithm at their facility.
For example, Hansen (1977) used PROGRAM WAGNER to estimate the
effects of a bluff along a path from Point Loma in San Diego,
California to Point Mugu near Santa Cruz island. Recently
Monteath (1973) pointed out the use of our integral equation
program for solving the problem of propagation over irregular,
inhomogeneous terrain. Wait (1974) discusses the use of our
integral equation for cases where the geometry is not amenable

to mode matching.
2. MODIFICATIONS TO PROGRAM WAGNER

In order to compute fields over actual paths using the pre-
vious version of PROGRAM WAGNER, the terrain had to be fit with
some form of analytic function. Past versions of WAGNER used a
series of Gaussian exponential terms to fit the actual terrain
data points. A detailed description of this method of terrain
fitting is given in an ITS Technical Memorandum of limited dis-
tribution, ERLTM-ITS 160, by J. E. Herman and R. H. Ott.

The new version of PROGRAM WAGNER uses a linear fit to the
input data points for the terrain elevation versus distance and
a 2-point approximation for the derivative or slope of the ter-

rain versus distance.
-2-




Another modification of the original WAGNER is the inclusion
of an effective height gain function to account for the influence
of an elevated receiving antenna. The expression used is the
first two terms in the series expansion of the exact height gain
function arising from the smooth-earth diffraction residue
series, i.e., 1 + ikAh. Here, k denotes the wave number, A is
the normalized surface impedance, and h the receiving antenna
height. The approximation is valid for heights, h, to about the
first maximum in the height-gain pattern.

Finally, the modification to the integral equation for the
case of propagation over terrain having up to 2 layers in con-
ductivity and dielectric constant versus depth was derived and
is given in Appendix A. This extension would allow the prediction
of ground wave field strengths for example in the case of perma-
frost or a forested and vegetated environment. However, the
mathematical results for layered ground have not been included.
in the latest computer algorithm PROGRAM WAGNER.

3. INTEGRAL EQUATIONS =

The derivation of the integral equation used in the algor-
ithm PROGRAM WAGNER is given in Ott (1970, 1971). The final

result is —

x 1 —
£(x) = W(x,0) —/% [ e@e RSy gyuex, g - LRy @)
. (9]

+ (A (8)= BW(x,E) Hprigy) T PaE (1)

where x, £, y{(x) and y(g) are defined in Figure 1 and f(x) is the
field normalized to twice the free-space field, The factor
(A—Ar) arises in mixed-path problems. The factor Ar is constant
with distance and is the relative value of the normalized surface
impedance. This factor is computed using the values for ¢ and

€. for the first section of a mixed path. The factor A varies
with distance in a mixed path problem. The variation of A with

X may be continuous or contain abrupt changes. The factor

(A—Ar) is zero for a single section path. The remaining factors

in (1) are defined as
-3-
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Figure 1. Great circle path geometry for integral equations.
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i 18(10%)o¢

N = & 7 TF(MHZ) i
f = frequency, in MHz;
o = ground conductivity;
€, = dielectric constant.

Equation (1) gives the integral equation for the attenua-
tion function normalized to twice the free-space field

The derivation of the integral equation used in the algor-
ithm PROGRAM INTEQ (given in Appendix B2) is described by
Hufford (1952), and the final result is

. X
£x) =1 -/5 [ £&) [+ y (&) -
(@]
(2)
y (x) =y (E) . o x 1/2
—?é—y———] explik/2(p1-0y=00) ) lrpr—z)! g
where [y(x)—ha]2
Po = % - o(x) = 2(ro—X)—¢ (%), (3)
[y (g)=h_1°
oy = 5 - ¢(8) = 2(ry-€)-¢(&), “ (4)
ly (x) -y (£) 12 |
o, = oy = )+ (E) = 2[ry=(x-E)1=¢ (X)+¢ (E), (5)
X 2
o(x) = - 2 ylh + f Iy'(£)1° ag, (6a)
O
yl = y' (&) (6b)
© '€=or

and the distances po, Py and Py correspond to the first two terms
in the binomial expansion for the distances ror Ty and r, shown
in Figure 1 minus the distance the wave travels along the surface

of the terrain.




The numerical analysis used to solve (1) and (2) is signi-
ficantly different, and the form for the integral equation in (1)
has the potential of being numerically more efficient because the
integral part of the integral equation is subtracted from a func-
tion, W(x,0), that decays with distance according to the Sommer-

feld flat earth attenuation function. For example, if o = .01

”

S/m, €. = 10, frequency = 10 MHz, and x = 1 km, then A
0.024 + i0.042, p = 4.44 - i2.47, and W(x,0)= -0.077 + i10.064.
Suppose the exact value for the magnitude normalized attenuation,
|£(x)|, is 0.11. Then using the form for the integral equation
in (1) requires only one significant figure from the integral
portion whereas the form in (2) requires two significant figures.
However, in the actual examples considered in this study it was
not clear that the algorithm PROGRAM WAGNER was more efficient
than the algorithm PROGRAM INTEQ. In principle, PROGRAM WAGNER
should allow a larger spacing for the observation points, x, to
achieve a convergent solution than PROGRAM INTEQ. The present
versions of both algorithms indicate that PROGRAM INTEQ is at
least a factor of 4 faster in computation time than PROGRAM
WAGNER. Obviously, the techniques used to code the integral
equation in (2) need to be considered in coding of (1) but this

is well beyond the scope of this report.

4., COMPARISONS WITH MEASUREMENT

Table 1 summarizes the comparisons of the integral equation
predictions and the measurements, together with the source of the
latter. The spacing of points refers to the variable x in (1)
or (2) and is the distance projected on a horizontal plane. The
computational time is for a CDC 6600 computér. The spacings
used were not necessarily optimum and were arrived at by decid-
ing the 100 meter spacing yielded reasonable agreement for the
WGR-TV path from Buffalo, New York. When the terrain was rela-

tively flat, spacings as large as 1 km were used.




Predictions/Comparisons for 9 Paths

Path Frequency Reference x-spacing Time (sec.) Tigure No.
Transmitter (WGR-TV) 59.75 MHz Head, H.T. (1958) 1(1)100m;100(50)1000m 1213 2
in Buffalo, NY-over (horizontal (596 pts.)

Lake Erie toward polarization) 1(1) 47km;47(0.25)155km

Cleveland, Ohio

Transmitter (KCBS) 740 kHz CBS Radio (1971) 0.5(0.5) 72 km 113 3

north of San Francisco (144 pts.)

Bay, south through San

Francisco, over Santa

Cruz Mountains

Transmitter (KBOL) in 1490 kHz W. A. Kissick, et al., 0.1(0.1)19.3km;19.31km 116 4

Boulder, south over (1978) (0=0.008 s/m) (194 pts.)

Davidson Mesa 0.1(0.1)19.3km;19.31km 82 5

(0=0.015 s/m) (194 pts.)

Transmitter (KBLU) in 560 kHz Heckscher, J. (1977) 0.5(0.5)41km;41(0.1)45km 203 6

Yuma, AZ, beyond (294 pts.)

Tinajas Altas 45(0.5)61km;61(0.1)73km

Mountains toward Mexico 73(0.5) 83km
0.5(0.5)46km;46(0.1)48.5km; 55 7
48.6(0.5)67km (154 pts.)
0.5(0.5)46km;46(0.1)48.5km; 56 8
48.5(0.5)67km (154 pts.)

Canyonlands, UT 2.0 MHz W. A. Kissick, et al., 0.1(0.1)48.5km;48.58km 620 9

adjacent to Canyon- (1978) (486 pts.)

lands National Park

Canyonlands, UT 1.619 MHz Same 0.1(0.1)48.5km;48.58km 609 10

adjacent to Canyon- (486 pts.)

lands National Park

Canyonlands, UT 518 Same 0.1(0.1)48.5km;48.58km 611 11

adjacent to Canyon- (486 pts.)

lands National Park

Canyonlands, UT .419 Same 0.1(0.1)48.5km;48.58km 636 12

adjacent to Canyon- (486 pts.)

lands National Park




Table I

(Continued)

Path Frequency Reference X-spacing Time (sec.) Figure No.
Canyonlands, UT .180 W. A. Kissick, et al., 0.1(0.1)48.5km;48.58km 632 13
adjacent to Canyon- (1978) (486 pts.)
lands National Park
Canyonlands, UT .120 Same 0.1(0.1)48.5km;48.58km 625 14
adjacent to Canyon- (486 pts.)
lands National Park
Canyonlands, UT 2.0 Same 0.1(0 1)48.5km;48.58km 608 15
adjacent to Canyon- (Colorado River o & €) (486 pts.)
lands National Park
Canyonlands, UT 2.0 Same 0.1(0.1)48.5km;48.58km 679 16
adjacent to Canyon- (ECAC profile data) (486 pts.)
lands National Park
From Mare Island, 2.0 MHz Same 0.1,0.2km;0.23(0.5)11.23km 57 17
Valejo, CA south (158 pts.)
over San Francisco 11.41(0.1)12.01km;12.07(0.5)18.57km
Bay over Marin 18,72(0.1)20.22km;20.31(0.5)26.81km;

Peninsula 26.94(0.1)28.44km;28.52(0.5)31.02km;
31.48(0.1)37.28km;37.3km
From Mare Island, 1.619 MHz Same 0.1,0.2km;0.23(0.5)11.23km 57 18
vValejo, CA south (158 pts.)
over San Francisco 11.41(0.1)12.01km;12.07(0.5)18.57km;
Bay over Marin 18.72(0.1)20.22km;20.31(0.5)26.81km;
Peninsula 26.94(0.1)28.44km 28.52(0.5)31.02km;
31.48(0.1)37.28km;37.3km
Same 0.518 MHz Same Same 59 19
(158 pts.)
Same 0.419 MHz Same Same 59 20
(158 pts.)
Same 0.161 MHz Same Same 58 21
(158 pts.)
Same 0.137 MHz Same Same 56 22

(158 pts.)




TABLE I (Continued)

Path Frequency Reference x=-spacing Time (sec.) Figure No.
Santa Ritas, AZ 2.0 MHz W. A. Kissick, et al., 0.1(0.1)1km; 1(0.5)7km 72 23
near Greenvalley, AZ (1978) 7(0.1)20km; 20(0.5)30km (172 pts.)
and adjacent to AZ (0 change at 16.40 km)
Experimental Range
Same Same Same 0.1(0.1)30km 210 24
. (0 change at 12.95 km) (300 pts.)
Same Same Same Same 106 25
(measured values for o) (166 pts.)
Same Same Same Same 7 26
(Two section flat earth) ( 49 pts.)
Same 1.619 MHz Same 0.1(0.1)km; 1(0.5)7 km 70 27
' 7(0.1)20km; 20(0.5) 30 km (172 pts.)

(conductivity from geological maps)
(0 _change at 16.40 km)

Same Same Same 0.1(0.1) 1 km; 1(0.5) 7 km 97 28
7(0.1) 20 km; 20(0.5) 30 km (172 pts.)
conductivity from geological maps)

(except 0 change at 12.95 km)

Same 0.518 MHz Same Same 71 29
‘(except o change at 16.40 km) (172 pts.)

Same Same Same Same 97 30
(except o change at 12.95 km) (172 pts.)

Same 0.419 MHz Same Same 70 31
(except o change at 16.40 km) (172 pts.)

Same Same Same Same 107 32
(except o change at 12.95 km) (172 pts.)

Same 0.160 MHz Same Same . 69 33
(except 0 change at 16.40 km) (172 pts.)

Same Same Same Same 106 34
(except 0 change at 12.95 km) (172 pts.)

Same 0.137 MHz Same Same 69 35
(except o change at 16.40 km) (172 pts.)

Same Same Same Same 108 36

(except o change at 12.95 km) (172 pts.)




..01:_

TABLE I (Continued

Path Frequency Reference X-spacing Time (sec.) Figure No.
Dry Lake, NE, ’ 2.0 MHz W. A. Kissick, et al. 0.1(0.1) 15km;15(0.5)21 km; 8 37
Transmitter on east (1978) 21(0.1)23km;23(0.5)42km (147 pts.)
slope of Highland 42(0.1)44.5km;44.5(0.5)52km;
Peak to Dry Lake 52.46 km
Valley (PROGRAM INTEQ)
Same Same Same Same 263 38
(PROGRAM WAGNER) (261 pts.)
Same 1.619 MHz Same Same 263 39
(261 pts.)
Same 0.518 MHz Same Same 254 40
(261 pts.)
Same 0.419 MHz Same Same 259 41
(261 pts.)
Same 0.160 MHz Same Same 267 42
(261 pts.)
Same 0.137 MHz Same Same 262 43
(261 pts.)
Colorado Mountain 20.084 MHz M. E. Johnson, et al. 0.1(0.1)50.4km;50.46km 599 44
Data toward Berthoud (1967) ' (505 pts.)
Pass Campground
Same Same Same 0.05(0.05) 30km 677 45
(600 pts.)
Same Same Same 0.01 (0.01) 6 km 913 46
(600 pts.)
Same Same Same 0.46(0.1)30.76km; 59 47
(PROGRAM INTEQ) (304 pts.)
Same Same Same 0.26 (0.05) 29.96 km 186 48
(PROGRAM INTEQ) (595 pts.)
Same Same Same 0.05 (0.01) 10 km 445 49

(PROGRAM INTEQ) (996 pts.)




The algorithm, PROGRAM WAGNER, is best suited to propaga-
tion frequencies below VHF. Also, because of problems in main-
taining numerical accuracy during the integration process, pre-
dicting attenuation for vertical polarization is usually more
successful than for horizontal polarization.

In the upcoming comparisons, the ordinate scales are in the
familiar dBu/kW, which is to say the field intensity measured in
dB above 1luV/m and normalized to the case of 1 kW radiated from
a (vertical) half-wave dipole.

To test what might be considered an extreme case for the
applicability of WAGNER, a path near Buffalo, New York, was
chosen (Head, 1958). Field strength measurements were available
along a radial from WGR-TV over a path that extended out to about
155 km. The station transmitted horizontally polarized waves at
a frequency of 59.75 MHz. The initial portion of the path (about
47 km) was over Lake Erie, with the remaining portion over land
containing variable terrain features. A plot of the path profile
is shown in the lower part of Figure 2; it should be noted that
the irregularity of the terrain is greatly exaggerated because
of the expanded height scale.

The predicted effective radiated power in Figure 2 was ob-
tained using a version of PROGRAM WAGNER which used a series of
Gaussian terms to fit the terrain profile, using PROGRAM
TERMAP. Fifty-eight terms were used in the terrain fit, with
the difference between fit and actual terrain data points being
everywhere less than about 27 m. The predicted field, repre-
sented by the solid line, is shown in the upper part of Figure 2.
The abrupt change at about 47 km is caused by the passage of
the wave from the smooth surface of Lake Erie (with assumed
dielectric constant = 81 and conductivity = 0.01 S/m) to the
land (with dielectric constant = 15 and conductivity = 0.03 S/m).

Measured values are represented by X's that start near the
shore of the lake and are plotted at various distances over the
land portion of the path. The upper end of the vertical line
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Figure 2.
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through each X is the maximum field that was measured during a
100-ft. mobile run at each receiving site; the lower end is the
minimum observed field and the X's are plotted at the median
values.

The calculated field appears to follow the general trend of
the observed values although individual points are not predicted.
One reason for this, of course, could be that local terrain
effects at the measurement sites (e.g., buildings, telephone
wires, etc.) greatly influence the received field. There is
also some indication, especially in the first few measurements
near Lake Erie, that complex interference effects not accounted
for by the simple ground-wave model are operating.

Figure 2 also shows a set of points, denoted by circles,
that give a predicted field obtained by multiplying the classi-
cal residue series over a smooth sphere (with € = 15 and o =
0.03 S/m) by a "terrain-height gain" function, 1 + ikAy, where
y 1is the terrain height above the sphere. This was included,
not as a recommended prediction model, but merely as a matter of
interest to show an attempt at a simple approach to the problem
of irregular terrain propagation. It is apparent that the
received fields depend significantly on the intervening terrain
and not just the terrain height at the receiving point.

A second comparison of calculations and observations was
made on a path in the San Francisco region (CBS Radio, 1971).
Measurements were available on a radial from KCBS, a station
transmitting vertically polarized waves at a frequency of 740 kHz.
Figure 3 shows the path profile, measured field strength values,
and prediction curve over a path of about 73 km. The terrain
function deviated from the actual terrain data by about 40 m at
the most using PROGRAM TERMAP. As can be seen, the prediction is
well in accord with the observed data except for the end of the
path. Whether the disagreement in this region is because of
inaccurate values of electrical ground constants or, perhaps, the
wrong assumption for the effect of atmospheric refraction is
not known. The following table shows the ground constants used

over various portions of the path.
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Distance (km) € o (S/m)
to 19.19 15 0.01

21.98 81 5
22.50 15 0.03
25.05 81 5
30.41 15 0.03
37.72 81 5
72.73 15 0.008

In both of the examples presented here, a standard "4/3-earth"
atmosphere was assumed. The computer program is capable of in-
cluding other values of constant atmospheric ray bending through -
the use of the effective earth's radius concept.

It should again be noted that the first few measurements
near the transmitting end of the path indicate a more complex

interference mechanism than is assumed in the present model.

4.1 KBOL - Davidson Mesa Path

Two sets of field strength measurements were taken along a
radial running from station KBOL in Boulder, Colorado (f = 1490
kHz, vertical polarization), southeast towards the Davidson Mesa
area. The terrain profile is shown in the lower portions of
Figures 4 and 5. The measurements Pm’ in terms of received power

in dBm, were taken on Dec. 9 and Dec. 15, 1977.

d (km) Pm(12/9) Pm(12/15) d (km) Pm(l2/9) Pm(l2/15)

1.75 -43 8 -47.4 9.92 -62.5 , -64.0
3.63* -58.3 -59.1 10.81 -65.5 -66.0
5.42 -56.5 -57.4 14.57 -68.0 -68.7
6.53 -56.4 -58.1 15.02 -68.2 -69.7
8.61 -61.4 -62.6 19.31 -70.2 -74.1

Because the absolute level of the radiated power from the
transmitter, Pt’ was not known, the data were adjusted so that
the first measured point (at 4 = 1.75 km) agreed with the WAGNER
calculated value at this distance.
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Figure 4.
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Figure 5.
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c =0.008, € = 15 "o = 0.015, € = 15

d (km) DBU (12/9) DBU (12/15) DBU (12/9) DBU (12/15)
1.75 105.9 105.9 107.0 107.0
3.63 91.4 94.2 92.0 95.3
5.42 93.2 95.9 94.3 97.0
6.53 93.3 95.2 94.4 96.3
8.61 88.3 90.7 89.4 91.8
9.92 87.2 89.3 88.3 90.4

10.81 84.2 87.3 95.3 88.4

14.57 81.7 84.6 82.8 85.7

15.02 81l.5 83.6 82.6 84.7

19.31 79.5 79.2 80.6 80.3

Figures 4 and 5 show the plots of predictions and measure-

ments, the X's representing the measurements of Dec. 9 and the

circles those of Dec. 15. The measurements compare favorably
with calculations when a conductivity of o = 0.015 S/m is
assumed (Fig. 5). This is understandable since the Boulder path

is more over a "plains type" region (corresponding to o = 0.015)
rather than the adjacent foothills (o = 0.008).

The measurements at the 3.6 km site are some 5 to 8 dB away
from prediction, but this is believed due to the fact that this
site (and only this site) was located in the midst of high

buildings and considerable traffic congestion.

4.2 RADC Paths: KBLU to Junction and Water

Rome Air Development Center (Heckscher, 1979) has made a
number of field strength measurements in an area southeast of
Yuma, Arizona using as a source the Yuma commercial broadcast
station KBLU (560 kHz). The measurement sites are along jeep
roads that run in various directions throughout the area.
Although no series of measurements are strictly along a radial
from KBLU, some are approximately so. Two series were found in
the southern-most sector, and path profiles were determined from
USGS maps along two radials from KBLU. The profiles are shown in
the lower portions of Figures 6, 7, and 8. Path #1 (Fig. 6)
crosses a minor ridge (Vopoki Ridge) at about 45 km and, later
on, a higher ridge (Tinajas Altas Mtns.) at about 65 km. Path #2
(Figs. 7 and 8) crosses Vopoki Ridge also at about 45 km but

nearer the southern end.
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Figure 7.

Freq. (MEz2) = 0.560

120
DKM SIGMa EPS
46.04 . 020000 10.0
48,11 ,000010 8.0
110 67.00 .020000 10.0
100
=
N
3
m Nt —— \\\ S —
o <\\\
\ !
|
o ~\\\\\:_~ " é.__ _
X x
XX ox o ix
X
P‘-\\
70 g
ol .
5%
a3
CRig
pe)
=
o
)
[
=
:::/
! 2 a
X (km)

KBLU

Path profile (lower portion)
(in dB above 1 uV/m for 1 kW effective radiated
Crosses denote measured

power) for KBLU.
averages.

-20-

and received signal



Freq. (MHz) = 0.560
120

DKM SIGMA €Ps
67.00 020000 10,0

1i¢

100

dBu/kwW

height (m)

XBLU

Figure 8. Path profile (lower portion) and received signal
(in dB above 1 uV/m for 1 kW effective radiated

power) for KBLU. Crosses denote measured
averages.

-21-




The measurements corresponding to these two radials are
tabulated below in terms of the field intensity, E(mV/m),

measured at each location times the distance, d(km), from the

transmitter.
Path #1 Path #2
d (km) E-d (V) 4 (km) E-d (V) d(km) E-d (V)
75 38 41 205 50 178
77 52 43 196 52 185
78 55 44 204 54 192
80 62 46 223 57 193
81 : 68 48 267 61 204
83 72 49 243 64 180

From other measurements nearer the transmitter, E-d was
found to approach a value of about 250. Thus, in order to
compare with the WAGNER predictions in DBU, the measurements

obey the relationship
DBU = EO + 20 log a. = 112.94 -20 log d(km) + 20 log a (3)
where Eo is the reference field used in WAGNER and a, = (E-d) /250

is the attenuation at each receiving site. The values of meas-

ured DBU for each path are given in the following table:

Path #1 Path #2
d (km) DBU d (km) DBU d (km) DBU
75 61.6 43 78.2 52 76.0
78 61.9 44 78.3 54 76.0
80 62.8 46 78.7 57. 75.6
81 63.5 48 79.9 61 75.5
83 63.7 49 78.9 64 74.0

PROGRAM WAGNER was run for Path #1 using the following

electrical ground constants:

d (km) e o (S/m)
0-41.4 10 0.02
41.4-44.9 8 1072
44.9-61.1 10 0.02
61.1-72.5 8 107>
72.5-83.0 10 0.02.
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The conductivity value of o = 0.02 represents the nearly level,
sandy portions of the area and was obtained from RADC on-site
measurements. The values of o = 10_5 and €, = 8 represent the
conductivity and dielectric constant of the rock composing the
mountains and ridges of the area. The type of rock was deter-
mined from a geological map of Arizona, and ¢ and €. were
obtained from tables in a paper discussing ground constants of
various rock materials (Ring, 1958).

Figure 6 is a plot of predicted DBU from WAGNER (the solid
curve) for Path #1l, together with measured DBU represented by
crosses. The last six measurements, which were taken along this
profile, appear to agree very well with prediction. The first
six crosses are measurements taken along Path #2 but plotted
here because of the near proximity and similarity of terrain for
the two paths in this area. These measurements do not agree as
well because of slight differences between the two profiles.

Path #2 was run on WAGNER with the following values for

electrical ground constants:

d (km) r o (S/m)
0-46.0 10 0.02
46.0-48.1 8 107°
48.1-67.0 10 0.02 .

Figure 7 shows the WAGNER prediction together with the measure-
ments taken along this radial. The abrupt drop in predicted
field at,about 46 km is due to the change in ground constants at
this point. Because this radial crosses Vopoki Ridge at its
southern-most end where the ridge merges into the surrounding
plain, it was decided to run WAGNER again for this same profile
using the values ¢ = 10 and g = 0.02, throughout the length of
the path. The result is shown in Figure 8. The better agreement
between prediction and measurements would indicate that the
received signal was travelling mostly over terrain characterized

by a conductivity of o = 0.02.
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4.3 ITS Measurements

In the first half of 1978, signal strength measurements
were made by ITS (Kissick et al., 1978) along four different paths
located in the western part of the U.S. An attempt was made to
locate the paths in areas where access roads provided numerous
sites along the radial at which measurements could be taken.
The four paths and their location designations are:

(1) Canyonlands: Canyonlands National Park in

southern Utah;

(2) San Francisco: a path in the bay area of
San Francisco, California;

(3) Santa Rita: located near the Santa Rita
Mountains of southern Arizona;

(4) Nevada: a path west of Pioche, Nevada.

Measurements of received power at six different nominal
frequencies (2000, 1600, 500, 400, 200, 100 kHz) were recorded
at each site along the four paths. In figures 4 through 43 the
measured values denote the average of about 256 samples taken over
a period of about 2.5 minutes. In order to compare the measure-
ments with the output of WAGNER in terms of field-strength in
decibels above 1 uvV/m (designated DBU), the following relation-

ship is used:

DBU = 139.37 + 20 log fMHz - Pt + Pm ’ (4)
where Pm is the measured received power in dB above 1 mW and
Pt is an unknown constant (for each frequency run). To adjust
the DBU such that the first measured point (or some chosen
one) equals the WAGNER DBU prediction at that distance, 4,

solve (20) for Pt:

P, = 139.37 + 20 log fMHz + Pm(d=dl)—DBU(WAGNER at d=dl)=const.
(5)

The remaining DBU are then calculated from (4).
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In general, values of electromagnetic ground constants
were determined from geological maps of the areas involved in
conjunction with tables of conductivity and dielectric constant
contained in a paper by Lytle (1974). Estimates of o and € for
various types of rocks are given in the tables, which values were
then used for the appropriate segments of the radio path as
determined by the geological maps. The one exception to this
procedure was in the case of San Francisco where much of the
path was over water. For this path, sea water values were used
over water and FCC suggested values were used for the portion
over land. We felt the FCC maps were more appropriate for
portions of this path which went over swampy regions where the
soil type was difficult to identify.

Canyonlands

Measurements were taken at 31 sites along a 45 km radial.
At some of the sites, signal records for particular frequencies
are missing; however, in general it was possible to obtain
measurements for all 6 frequencies at each site. A tabulation
of the site distances (from the transmitter), the received
power levels (at the 6 frequencies), and the values of DBU
used to compare with WAGNER calculations are shown in Table IT.

The constant values, P for each frequency were determined from

’
the first site at d = §.16 km.

Figures 9 through 14 show comparisons of measurements
(dencted by crosses) with WAGNER predictions for the 6 fre-
quencies. The lower portion of each figure shows the terrain
profile of the Canyonlands path with the terrain height above
mean sea level in meters versus the distance in kilometers.
Since the geological formations appear to consist almost
entirely of various types of sandstone, a constant

o = 0.004 S/m and € = 5 was assumed throughout the path.
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Table

13.75

14.06

14.72

19.62

21.56

22.03

22.97

24.37

24.44

25.25

IT.

and field strength in 4B above 1 uV/m, BBU

Measured received power in-dBm,

(upper number),
(lower number),

for the designated frequencies and dlstances from the

transmitter along the Canyonlands path.

f (MHz) 2.00 1.618 0.520 0.412 0.182 0.121
-28.6 -25.9 -41.2 -44.9 -53.9 -60.3
108.8 109.9 111.7 111.8 111.8 111.8
-31.4 -28.8 -43.9 -48.3 -57.4 -64.1
106.0 107.0 109.0 108.4 108.3 108.0
-38.1 -33.0 -50.0 -54.2 -62.5 --

99.3 102.8 102.9 102.5 103.2
-- -39.1 -49.4 -55.1 -65.2 -72.7
96.7 103.5 101.6 100.5 99.4
-50.2 -44.8 -52.7 -57.2 -62.2 -72.5
87.2 91.0 100.2 99.5 103.5 99.6
-52.5 -48.3 -58.1 -60.5 -70.8 -78.3
84.9 87.5 94.8 96.2 94.9 93.8
-50.8 -- -56.3 -60.0 -65.8 -72.7
86.6 96.6 96.7 99.9 99.4
-56.5 -51.9 -60.8 -62.8 -70.7 75.4
80.9 83.9 92.1 93.9 95.0 96.7
-= -64.5 -67.9 -71.0 -78.9 -80.8
71.3 85.0 85.7 86.8 91.3
-73.2 -65.4 -71.8 -71.8 -79.3 -81.3
64.2 70.4 8l.1 84.9 86.4 90.8
-71.0 -65.7 -68.5 -69.1 -74.5 -79.5
66.4 70.1 84.4 87.6 91.2 92.6
~-69.4 -67.0 -69.8 72.2 -74.7 -79.1
68.0 68.8 83.1 84.5 91.0 93.0
-72.3 -70.0 -75.3 -74.9 -81.1 -85.3
65.1 65.8 77.6 8l.8 84.6 86.8
-77.1 —-= -70.6 -- -- -86.5
60.3 82.3 85.6
-71.6 -65.4 -77.8 -75.8 -79.6 -84.6
65.8 70.4 75.1 80.9 86.1 87.5
-83.5 -80.4 -79.1 -76.9 -83.3 -89.5
53.9 55.4 73.8 79.8 82.4 82.6
-= -79.5 -86.9 -88.1 -85.7 -92.0
56.3 66.0 68.6 80.0 80.1
79.0 -75.8 -80.4 -79.7 -84.7 -90.8
58.4 60.0 72.5 77.0 8l.0 81.3
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Table II continued

£ (MHz) 2.00 1.618 0.520 0.412 0.182 0.121
d (km)
-81.5 -74.7 -84.4 -79.8 -82.7 -

25.31 55.9 61.1 68.5 76.9 83.0
30.81 -82.5 -78.8 -80.7 -81.7 -82.2 -87.8
. 54.9 57.0 72.2 75.0 83.5 84.3
31.94 -76.0 -74.0 -80.3 -82.2 -81.7 -84.7
: 61.4 61.8 72.6 74.5 84.0 87.4
37 75 -87.4 -83.1 -88.6 -90.2 -89.5 -94.7
: 50.0 52.7 64.3 66.5 76.2 77.4
35.03 -73.9 -72.5 -88.9 -82.8 -82.9 -89.1
. 63.5 63.3 64.0 73.9 82.8 83.0
37.19 -78.2 -76.4 -91.6 -83.0 -82.9 -91.4
. 59.2 59.4 61.3 73.7 82.8 80.7
38 41 -77.7 -75.0 -87.3 -86.8 -89.4 -89.9
59.7 60.8 65.6 69.9 76.3 82.2
39.50 -80.6 -77.2 -91.1 C-- -88.1 -91.8
. 56.8 58.6 61.8 77.6 80.3
40.87 -83.9 -81.0 -89.3 -91.1 -86.9 -87.3
. 53.5 54.8 63.6 65.6 78 8 84.8
Ty -94.1 -85.4 -98.5 -90.8 -89.8 =94.2
. 43.3 50.4 54.4 65.9 75.9 77.9
43.69 -93.0 -88.3 -94.7 -91.4 -92.1 -97.3
. 44.4 47.5 58.2 65.3 73.6 74.8
44.31 -90.2 -85.2 -93.2 -92.9 -92.3 -93.7
. 47.2 50.6 59.7 63.8 73.4 78.4
14.78 - -85.0 =-94.0 -90.5 =90.5 -92.4
. 50.8 58.9 66.2 75.2 79.7

The figures show fairly good agreement between measure-
ments and WAGNER predictions at the two higher frequencies,

f = 2.00 and 1.618 MHz. At the lower frequencies, the agreement
is less satisfactory; however, many of the measurements still
fall on or very near the WAGNER curve.

Since the Canyonlands path crosses the Colorado River at
about 28 km, another run of WAGNER was made for f = 2 MHz
assuming o = 0.1 S/m, € = 80 over this small portion of the
path. Figure 15 presents the comparison and shows only a very

slight improvement over the corresponding plot of Figure 9:
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WAGNER was also run for £ = 2 MHz using a fairly coarse file
of digitized topographic data we happen to have. Figure 16 shows
the "ECAC" profile and measurement/WAGNER comparisons for this run;
the agreement is less satisfactory as can be seen by comparing

with Figure 9.

San Francisco

The San Francisco path was 37 km along and provided 10
sites at which measurements were taken. All frequencies except
f = 2 MHz were recorded at every site. A tabulation of the
data is presented in Table III. The constants used to evalu-
ate the DBU were determined from the measured power levels
recorded at the site at d = 27.04 km.

Table III. Measured received power in dB_,P_(upper number),
and field strength in dB above 1 uv/ﬁ, BBU(lower number) ,
for the designated frequencies and distances from the
transmitter along the San Francisco path.

f (MHz) 2.00 1.619 0.518 0.419 0.161 0.137
d (km)

11.45 -46.85 =-42.97 -72.45 -77.08 -72.74 -74.54
: 96.0 98.1 93.0 97.1 95.8 97.0
18.98 -51.97 -47.90 -77.66 -83.81 -81.75 -83.93
: 90.9 93.2 87.8 90.4 86.8 87.6
20.31 - -44.48 -91.03 -97.68 -90.24 -91.49
: , 96.6 74.4 76.5 78.3 80.0
27.04 -55.97 -54.33 -79.62 -88.66 -83.39 -86.40
: 86.9 86.7 85.8 85.6 85.1 85.1
28.49 -63.01 -61.78 =90.87 -94.20 -100.93 -104.25
- 79.9 79.3 74.6 80.0 67.6 67.3
31.50 ~55.42 -52.36 =-86.51 =-90.50 -93.68 -97.41
) 87.5 88.7 78.9 83.7 74.8 74.1
32.87 -— -61.97 -78.80 -86.72 -104.16 -106.07
) 79.1 86.7 87.5 64.3 . 65.4
34.69 -67.09 -62.24 -84.99 -90.63 -88.92 -90.80
) 75.8 78.8 80.5 83.6 79.6 80.7
35.83 -71.74 -67.15 -87.52 -92.52 -86.63 -91.05
) 71.2 73.9 77.9 81.7 81l.9 80.5
37.10 - -66.74 -83.91 -89.23 -88.76 -91.29
: 74.3 81.5 85.0 79.7 80.2
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Figures 17 through 22 show the measurements (X's)/WAGNER
comparison for the 6 frequencies, the lower portion of each
figure representing the terrain profile for the San Francisco
path. The box in the upper right corner of the field strength
plot indicates the ground constants used over the various seg-
ments of the path.

The comparisons show better agreement, again, at 2 MHz,
with the lower frequencies having more spread between measure-
ment and prediction. Most of the measurement sites for this
path were necessarily located in heavily congested areas, and
the recorded signals may have been affected by interference

from nearby structures.

Santa Rita

On the Santa Rita Mountains path, measurements were taken
at 16 sites along a 23 km radial, with data at all 6 frequencies
being obtained at every site. The recorded data are shown in
Table IV. The constants used to adjust the DBU were deter-
mined from the first site at d = 2.48 km.

Table IV. Measured received power in dBm, P_. (upper number),
and field strength in dB above 1 uV/m, BBU(lower number) ,
for the designated frequencies and distances from the
transmitter along the Santa Rita path.

f (MHz) 2.00 1.619 0.518 0.419 0.160 0.137

-37.65 -33.51 -61.92 -65.35 -58.62 -61.17
104.0 104.4 105.1 105.1 105.1 105.1

-50.05 44.65 -69.41 -71.60 -65.77 -67.67

5.81 91.6 93.3 97.6 98.8 98.0 98.6
6.92 -55.59 -49.54 -70.86 -74.65 -68.63 -69.86
: 86.1 88.4 96.2 95.8 95.1 96.4
8.39 ' -63.69 -58.93 -79.25 -79.66 -74.68 -75.64
: 78.0 79.0 87.8 90.8 89.1 90.7
9.46 -67.70 -61.91 79.99 -83.19 -77.77 -79.49
: 74.0 76.0 87.1 87.2 86.0 86.8
9.85 -61.09 -57.14 -72.13 -75.15 -69.13 -71.26
: 80.6 80.8 94.9 95.3 94.6 95.0
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Table IV. Continued

A f (MHz) 2.00 1.619 0.518 0.419 0.160 0.137
d (km)

10.19 -64.45 -59.54 -75.18 -76.52 -72.19 -75.35
* 77.2 78.4 91.9 93.9 91.6 91.0
11.41 -67.59 -62.54 -74.63 -77.91 -72.56 -73.59
* 74.1 75.4 92.4 92.5 91.2 92.7
12.30 -69.91 -66.47 -79.54 -81.04 -77.15 -79.92
: 71.8 71.5 87.5 89.4 86.6 86.4
13 02 -76.97 -71.54 -89.58 -92.29 -86.20 -87.24

64.7 66.4 77.5 78.1 77.6 79.1
13.35 -76.09 -70.07 -89.09 -89.76 -87.46 -89.73
. 65.6 67.9 78 0 80.7 76.3 76.6
13.70 -73.48 -66.72 -84.60 -87.07 -79.10 -84.17
‘ 68.2 71.2 82.5 83.3 84.7 82.1
14.77 -74.23 -68.41 -83.08 -88.44 -81.16 -82.16
* 67.5 69.5 84.0 82.0 82.6 84.1
16.82 -74.02 -68.16 =-81.28 =-82.02 -74.47 -76.78
: 67.7 69.8 85.8 88.4 89.3 89.5
22492 -77.56 -71.19 -85.40 -86.78 -81.10 -81.45
: 64.1 66.8 81.7 83.6 82.7 84.9
22.84 -79.78 -71.80 -86.36 -87.37 -81.12 -81.90
° 61 9 66.2 80.7 83.0 82.6 84.4

WAGNER runs were made for two different sets of ground
constants, the only difference being in the length of the
"mountain" segment of the profile. One set assumed the
"mountain" constants, o = 10—5 S/m and € = 5, to extend from
7.2 km to 16.4 km; the other set had this segment extending
~from 7.2 km to 12.95 km (see ground constant tables in the
figures).

Figures 23 to 36 show comparisons at the 6 frequencies
for the Santa Rita path; again, the terrain profile is shown in
the lower portion of the figures. From comparisons of figures 23
and 24 it would appear that better agreement between measurements
and prediction is obtained if the low conductivity of the
mountainous material ends at about 13 km rather than 16 km. As
with the other paths, the higher frequencies show better measure-

ment/prediction agreement than the lower frequencies. Figure 25
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shows comparison of measurement prediction using measured values
for the conductivity (Kissick et al., 1978). The measured
conductivity for the peak near 10 km is much higher than that
given by Lytle (1974) for this type of granite rock. However,
Lytle's value corresponds to rock with all moisture absent and

the observed values by Kissick were under wet conditions. Kissick
may also have been observing the effect of the top or surface
soil. The values for the conductivity on either side of the peak
of the ridge observed by Kissick are larger than the sedimentary
values shown by Lytle, perhaps because the alluvial deposits
observed by Kissick were a result of erosion and not part of
actual strata. The results in Figure 25 motivated a simple two
section flat-earth model for the predictions shown in Figure 26.
The predictions show a "recovery effect" at about 16 km corres-
ponding to the assumed jump in conductivity from .0005 s/m to

.005 s/m. Although the agreement between predictions/measurement
is reasonable out to about 10 km, the agreement thereafter breaks
down, indicating in part the diffraction loss over the ridge needs

to be included in the predictions.

Nevada

Data were recorded at 22 sites for all 6 frequencies on
the Nevada path. The data are tabulated in Table V with the
constantg used to adjust the DBU determined from the first
site at d = 1.90 km.
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Table V. Measured received power in dBm, Pm (upper number),
and field strength in dB above 1 uyV/m, DBU (lower number),
for the designated frequencies and distances from the
transmitter along the Nevada path.

f (MHz) 2.000 1.619 0.518 0.419 0.160 0.137

-39.27 -33.52 -58.31 -62.87 -58.38 -60.38

1.90 106.0 106.4 107.1 107.2 107.3 107.3
) 18 -41.13 -35.55 -58.44 -63.04 -57.72 -58.95
- 104.2 104.4 107.0 107.1 107.9 108.8
3 s -45.77 -40.14 -63.47 -69.36 -63.67 -67.75
. 99.5 99.8  102.0 100.8 102.0 . 100.0
5 ss -65.0 -55.0 -71.0 =77.0 -75.5 =79.0
. 80.3 85.0 94.5  93.1  90.2 88.7
lo. 38 -88.5 -82.0 -93.0 -92.5 -82.0 -85.0
. 56.8 58.0 72.5  77.6 83.7 82.7
lo. 82 -81.0 -76.0 -84.0 -86.0 ~-75.5 -77.5
. 64.3 64.0 81.5 84.1  90.2 90.2
14.06 -79.0 -71.0 -84.0 -85.0 =75.0 -78.0
. 66.3  69.0 81.5 85.1  90.7 89.7
17.78 -80.0 -73.5 -83.5 -87.0 -77.0 -78.5
- 65.3 66.5 82.0 83.1  88.7 89.2
1867 -80.5 -74.5 -87.0 -89.0 -78.5 -82.0
- 64.8 65.5 78.5 81.1  87.2 85.7
5015 -80.0 -74.0 -87.0 -89.5 =79.5 -82.0
. 65.3 66.0 78.5 80.6  86.2 85.7
21 36 -81.0 -75.0 -87.0 -89.0 -81.0 -84.0
. 64.3 65.0  78.5 81.1 84.7 83.7
. -83.0 -77.0 -87.0 -91.0 -80.0 =83.0
. 62.3 63.0 78.5 79.1 85.7 84.7
04,33 -84.0 -77.5 -91.0 -93.0 -81.0 ~-84.0
. 61.3  62.5 74.5 77.1 84.7 83.7
06 . 94 -84.0 -77.0 -89.0 -92.0 -81.0 =-83.0
- 61.3 63.0  76.5 78.1 84.7 84.7
0853 ~85.68 -79.39 -91.28 -94.98 -82.22 -85.47
.53 59.6 60.6 74.2 75.1 83.4 82.2
6. 00 -83.75 -78.14 -91.38 -96.08 -85.40 -88.81

61.5 61.8 74.1 74.0 80.3 78.9
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Table V. Continued

f (MHz) 2.000 1.619 0.518 0.419 0.160 0.137
d (km)

-84.28 -78.44 -91.32 -96.42 -86.09 -89.50

36.32 61.0 61.5 74.1 73.7 79.6 78.2
39,53 -87.12 -80.38 -93.69 -97.07 -86.12 -90.53
. 58.2 59.6 71.8 73.0 79.5 77.2
4522 ~96.45 -88.21 -96.08 -98.52 -87.05 -90.98
. 48.8 51.7 69. 4 71.6 78.6 76.7
47,75 -91.89 -85.96 -97.02 -99.40 -89.28 -90.71
. 53.4 54.0 68.4 70.7 76. 4 77.0
50. 36 -92.26 -85.41 -95.89 -98.42 -87.10 -90.45
. 53.0 54.5 69.6 71.7 78.6 77.3
52 46 -94.34 -87.72 -98.76 -99.40 -88.09 -91.57
. 51.0 52.2 66.7 70.7 77.6 76.1

WAGNER predictions for the 6 frequencies, together with
the measured data (X's), are shown in Figures 38 through 43.
Figure 37 is a comparison of the data at f = 2 MHz with the
field strength as calculated by Program INTEQ. In general, the
data lie somewhat above the WAGNER predictions, but the trend of
the measurements and calculations are similar. It would appear
that o = 0.02 S/m is not the correct value for the conduct-
ivity over the "plains" portions of the profile. A higher
value of o0 would raise the prediction curves and give much

better agreement with measurements.
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Figure 9.
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Figure 10.
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Figure 11. Path profile (lower portion) and received signél

(in dB above 1 pv/m for 1 kW effective radiated
power) for Canyonlands, Utah, path. Crosses denote
measured 2.5 min. averages. Frequency = 0.520 MHz.
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Figure 12. Path profile (lower portion) and received signal

(in dB above 1 pvV/m for 1 kW effective radiated
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Freq. (MHz) = 0.182
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Figure 13. Path profile (lower portion) and received signal
' (in dB above 1 uV/m for 1 kW effective radiated
power) for Canyonlands, Utah, path. Crosses denote
measured 2.5 min. averages. Frequency = 0.182 MHz.
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Freq. (MHZ) = 0.121
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(in @B above 1 uV/m for 1 kW effective radiated
power) for Canyonlands, Utah, path. Crosses denote
measured 2.5 min. averages. Frequency = 0.121 MHz.
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power) for Canyonlands, Utah, path. Crosses denote
measured 2.5 min. averages. Frequency = 2 MHz.
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Figure 16.
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power) for San Francisco, California, path.
Crosses denote measured 2.5 min. averages.
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Figure 19.
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Figure 21.
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Figure 24.
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Figure 28.
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Figure 29.
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Figure 30.
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Figure 31.
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Figure 32.
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Figure 33.
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Figure 34.
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Figure 35.
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Figure 36.

Freq. (MHz) = 0.137

140
DKM SIGMA EPS
7,200 .020000 10.0
130 12,95 .000010 5.0
30.00 020000 10.0
120
2
'M ‘e
~
3
m
fo}
HH N
X
4 X
9# \ ‘
xXr x
Xy
X M
89 e
—]
X
5000 T T
5001~ -
g 20k -
+
=
o
-
Q
< 1500 -
Y
:cao1 _
500 ! ]
; 1 2 3.0
Santa Rita Mtns. X (¥m)

Path profile (lower portion) and received signal
(in dB above 1 wv/m for 1 kW effective radiated
power) for Santa Ritas, Arizona, path. Crosses
denote measured 2.5 min. averages. Frequency =
0.137 MHz.

-6]1-




Freq. (MHz) = 2.

\ ovy SIGMA 1]

580 .020000 5.3
- .15 .000015 6.
43,05 520000 3.
s e
196 : 52,46 320000 13,

o o o o

dBu/kW
-~
..-"""‘>

. | A
v

height (m)

: ' 2: 3% 42
v i 52.5
Nevada X (km)

Figure 37. Path profile (lower portion) and received signal
(in dB above 1 pv/m for 1 kW effective radiated
power) for Dry Lake, Nevada, path. Crosses denote
measured 2.5 min. averages. Frequency = 2 MHz.
Predictions made using PROGRAM INTEQ.

-62~-




Figure 38.
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Figure 39.
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Figure 41.
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Colorado Mountains

A study of the Colorado Mountain Data report (Johnson et
al., 1967) was made to find paths for measurement/prediction
compérison purposes. Only one radial has been found for which
data at all frequencies (f = 20, 50, and 100 MHz) and all five
sites are available. The sites (at 5, 10, 20, 30, and 50 km
from the transmitter) fall more-or-less along the radial, and
this is probably the best path for study. Other paths will have
much fewer comparison points.

The predictions/comparisons for one radial using both
PROGRAM WAGNER and PROGRAM INTEQ (Hufford's (1952) integral
equation) are shown in Figures 44 through 49. Both integral
solutions failed to yield convergent solutions at spacing inter-
vals of 100 m and 50 m, as shown in Figures 44, 45, 47, and 48.
This particular terrain profile probably represents an extreme
in terms of roughness; however, the large amount of computer
time required (913 sec in the case of WAGNER) to go just 6 km

suggests more research on the problem is required.

5. SPACING/TIMING COMPARISON FOR PROGRAMS WAGNER
AND INTEQ.

Four spacings (100 m, 200 m, 500 m, and 1 km) and 2 fre-
quencies (137 kHz and 2 MHz) were evaluated using WAGNER and
INTEQ for the Nevada path previously discussed. The results at
2 MHz using WAGNER are shown in figures 50, 51, 52, and 53, and
using INTEQ in Figures 54, 55, 56, and 57. The results seem to
indicate that at the 100 m spacing WAGNER came close to the
measured values than INTEQ. There was also a smaller change
going from the 200 m spacing to the 100 m spacing using WAGNER
than for the cérresponding spacing using INTEQ. However, INTEQ
was much faster; i.e., 100 m spacing using INTEQ took 7.60 sec
while the 100 m spacing using WAGNER took 76 sec. A 100 m

spacing at 2 MHz is 3 points every 2 radio wavelengths.
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Figure 44.
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Figure 47.
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measured median. Predictions using PROGRAM INTEQ.
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At 137 kHz the results in Figures 58, 59, 60, 61, 62, 63, 64, and

65 indicate that both WAGNER and INTEQ have converged using the

500 m spacing, which is nearly three points per wavelength. A

conservative estimate for the spacing of points regardless of

terrain profile, even for the Colorado Mountain example, might

be |
Observation

interval
spacing, Ax = 1/3 wavelength

6. CONCLUDING REMARKS

Nine examples of measurement/calculation comparison dis-
cussed in the previous sections partially verify the applicability
of PROGRAMS WAGNER or INTEQ for estimating ground wave propaga-
tion over irregular terrain. The predictions appear to follow
the general trend of the data except for regions near the trans-
mitter and for large path distances. Further comparisons with
other data are obviously needed before the method is completely
validated. However, to the authors' knowledge, no other method
attempting a detailed prediction for this complex problem has
been published. It is hoped that the method presented here will
at least partially fulfill the need for a better prediction of
propagation effects in telecommunication systems.

Extensions of the model to include off-path terrain effects
(the three-dimensional ground wave problem) are planned for the
future. A full wave treatment would also provide more accurate
éstimates of the field, especially in those regions where complex
interference phenomena are encountered. Wait (1974) has pointed
to the use of alternative methods for evaluating propagation over
irregular terrain in cases where the terrain can be considered
a single knife-edge or a combination of several knife-like dis-
continuities, and his approach should be considered, especially
when the behaviour of the field in the vicinity of a single

terrain feature is desired.
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APPENDIX A: Effective Surface Impedance for a Two-Layered Ground.

The effective surface impedance, A, appearing in Program
WAGNER can be modified to account for the effects of stratified
layers in the ground as discussed in King and Wait (1976). We
will denote the relative (complex and anisotiopic) permittivity
and permeability by s(=€r—i60kc) and p. Furthermore, assuming
propagation in the x-direction and the positive z-axis in the
vertical downward direction, the subscripts, x, y, z, attached
to a quantity will refer to that quantity in the x, y, or z
directions; the subscripts, 1, 2, 3, etc., refer to layer 1 (the
top layer), layer 2, layer 3, etc.

For now, it will be assumed that only two layers are pre-
sent: a surface layer of height h, and a lower layer of infinite
extent downward. With Y denoting the angle of incidence of the
wave with the ground surface, the effective surface impedance
for a vertically polarized wave is given by

K2 + K

tanh(ulhl)

tanh(ulhl)

1
2

A(D)

4

_ | _ 2
where K, = (no/exl) /ﬁylexl (exl/azl)cos L

_ _ 2
K, = (no/exz) /ﬁyzexz (exz/ezz)cos v,
u, = + ik Vu_,¢ - (e /¢ )coszw
1 — vyl x1 x1” "zl !
and ng = /uo/eo = 120m™ ohms, k = 2n/) .

The sign of u, is chosen such that the field goes to zero at

1
very large distances.
For horizontal polarization, A(y) is obtained by interchang-

ing ¢ and € in the preceding equations. Thus,

N2 + N

tanh (v, h,)
A(y) = noYl(\b)r Yl(w) = Nl N]_ + N

tanh(vlhl)

1
2
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7

2
where 1 = (I/ngu,q) /hxleyl = (uq/u, q)cos™y

2
I

ya

: s
‘ 2
5 = (1/nguy5) /ux2€y2 = (ug ,/u,,)cos™y

2
|

L ~ 3
vy = 2 ik Vuggegy 7 (Mg /Hpp)c0sTy

Reference

King, R. J., and J. R. Wait (1976), Electromagnetic groundwave
propagation theory and experiment, Vol. XVII, Symposia
Mathematica, Instituto Nazionale di Alta Matematica, Bologna

(published by Academic Press).
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APPENDIX Bl

USER'S GUIDE, LISTING AND SAMPLE OUTPUT
FOR PROGRAM WAGNER

Card 1: KIND, TD (110, F10.0)
KIND = beginning type of distance at which F(x)
will be evaluated
1l is specified on next cards
0 is equidistant
TD = total distance in kilometers
Card 2A: X(I) (8F10.5)
X(I) = specific distances in kilometers at which F(x)
will be evaluated.
IF KIND = 1 use these cards to begin giving
specific distances until you are done or want
to change to equidistant points.
Terminate this set of distances with a 0.
Card 2Bl: NED (I2)
NED = number (limited to 50) of consecutive sections
with F(x) evaluated at equidistant points.
(This should agree with the number of pairs of
DEP and FINT).
Card 2B2: (DEP(I), FINT(I), I = 1,NED) (8F10.0)
DEP(I) = distance in kilometers at which this set of
equidistant points ends.
FINT(I)= interval of these equidistant points in
kilometers
If KIND= 0 use these cards to begin.
N.B. There may be a series of 2A and 2B cards to reach the
total distance given on card 1.
card 3 HA, FREQ, POL, HAR, AKM, MF, IDATA, SF (5F10.5,2I2,F10.0)
HA = transmitter antenna height in kilometers
FREQ = frequency in MHz
POL = polarization; 1 is vertical, 2 is horizontal
HAR = receiver antenna height in kilometers
AKM = earth radius in kilometers
MF = 0 (no microfilm); MF # 0 (microfilm)
IDATA = 0(no measured data input); IDATA # 0 (measured
data input and plot)
SF = scale factor for microfilm
Card 4 ID (8A10)
ID = path identification
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Card 5: N, IXUNITS, IZUNITS, REFEL (3110,F10.1)
N = number of points on terrain profile

IXUNITS = 0, distance input in kilometers
= 1, distance input in statute miles
IZUNITS = 0, height input in meters
= 1, height input in feet
REFEL = reference elvation in IZUNITS (=height at d=0)
Card 6
to M: (X(I), 2(I), I = 1,N) (4(F10.2,F10.0))
X(I) = terrain distances in IXUNITS
Z(I) = terrain heights in IZUNITS
End with -1. ‘in X field
Card M+1l: NGC (110)
NGC = number of sets of DX, SIGX, EPSX
(limited to 50)
Card M+2

to end: (DX(I), SIGX(I), EPSX(I), I = 1,NGC)
(4(F7.0,F7.4,F6.0))
DX(I) = maximum distance in kilometers for given
sigma and epsilon
SIGX(I) = sigma
EPSX(I) epsilon

[

**Measured data input cards follow last of above cards;
distances (DD(J), see WAGPL) are in km;
format: d(km), DBUm - (8X,6(F6.2,F6.0)
End with -1. in d field.

Output: DBU = 106.92-20log d,  + 20 log2|F(x) |
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ADJUSTED PATH PROFILE FOLLOWS

OB®NONE W -

D IN METERS
0.00000
885.,11500
1617,34650
1€73.67200
2092, 09000
5045.155%50
524€.31800
5423, 34100
6533.75¢800
7290.,12900
7721442140
7917.75600
8046.50000
8199,38350
R690,22000
8835,05700
9100.591540
9193.,75880
9659, 01860
10219, 05500
10363.89200
10870, 82150
11031.75150
11152, 44900
11400.28120
11852, 49450
12391.61000
12785.88850
12954, 86500
13209.13440
13389.37600
13493.,98050
13€82.49200
13679.05000
13791,.,70100
13896, 30550
14274,49100
14523.93250
14918,21100
15119, 37350
1524R8,11750
153L4L.E7550
15529, 74500
16374,62750
17332.16100
17380.44000
17460.S0500
17670.11400
17959,78800
18185.09000
13311.60000
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HT IN METERS
0.00000
~8.53440
-13.71600
-11.58240
-11.58240
12.80160
12.80160
15.84960
37.18560
53.34000
75.59040
128,.,62560
130.45440
125.,57760
92.04960
95.09760
103.63200
100.58400
128.62560
135.33120
134,72160
95.039760
63.39840
98,14560
143.86560
147.82800
140.81760
98.14560
94,48800
80.46720
101.19360
102.71760
91.74480
99.,37440
105.15600
96.62160
140.81760
105.15600
165.20160
165.,20160
149.,96160
149.,96160
128.62560
100.88880
100.88880
98,14560
98.14560
107.28960
116.43360
116.43360
92.04960




BOULDER TO S.E,
NUMBER OF PROFILE DATA POINTS IS
REFERENCE ELEVATION IS
PATH PROFILE AS PUT IN FCLLOWS

0.00000
1.30000
4.06000
5.00000
5.65500
6.44000
7.08400
8.05000
8.44000
8.87000
9.47500
10.77000
11.16000

5278.0
5240.0
S400.0
5706.0
5618.0
5720.0
5750.0
5588.0
5579.0
S740.0
5770.0
5609.0
5660.0

(DAVIDSON MESA)

«55000
3.13500
4.53000
5.09500
5.71600
6.75500
7.36500
8.20800
8.50000
3.02500
3.53500

10.80000
11,30000

1608.73 METERS

5250. 0
5320.0
5453.0
5690.0
5608.0
55390. 0
5763.0
5542. 0
560640
5623.0
5770.0
5600.0
56600

-98-

51

1.00500
3.26000
4.73800
5.40000
6.00200
6.85500
7.70000
8.32000
8.57000
9.27000
9.65000
10.85000
12.00000

5233,.0
532040
5526.,0
5580.0
5700.0
548640
5740.0
561040
5623.0
5820.0
5700.0
5600.0
5580.0

1.04000
3.37000
4.92000
549000
6.35000
6.93000
7.94500
8.38500
8.63500
9.39500
10.17500
10.98000

5240.0
5330.0
5700.0
5590.0
5722.0
$600.0
5600.0
5615.0
5595, 0
582040
5609.0
5630.0
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1 DISTANCE AND GROUND CONSTANT PAIRS FOLLOW
EPSILON
15,

D IN KM SIGMA
19,320  +01€0
FREQUENCY = 49
x z
M) M
100,00 -46,8
200,00 -47.7
300,00 -48.7
400,00 -49,7
500,00 ~50.6
600,00 -51.6
700,00 -52.6
800,00 -53.6
900.00 -54,5
1000, 00 -55,2
1100, 00 -55.9
1200,00 -56.6
1300.00 -57.4
1400, 00 -58.1
1500.00 -58.8
1600,00 -59.5
1700.00 -57.6
1800.00 -57.6
1900.00 -57.6
2000400 -57.6
2100,00 -57.6
2200,00 “56.8
2300.00 -56.0
2400.00 -55.2
2500400 -Sb. b

HT
FT

5274, 8
5271. €
5268.4
526543
5262.1
5259.0
5255.8
5252.6
5249.6
5247.3
5244,.9
5242.6
5240.3
5238.0
5235.7
5233.3
5239.¢
5239.9
5239.¢
5239.9
524042
524249
5245.6
524843

5251.0

Q VERTICAL POLARIZATION
TRANSMITTER ANTENNA HEIGHT = 45,800 METERS

CONDUCTIVITY

(MHO/M)
015000
«015000
«015000
« 015000
« 015000
«015000
+ 015000
«015000
«015000
«015000
. 015000
«015000
«015000
015000
« 015000
.015000
«015000
«015000
«015000
« 015000
« 015000
« 015000
015000
« 015000

«015000

EARTH RADIUS =

RECZTVER ANTENNA HEIGHT =

OIELECTRIC

CONSTANT
15,0000
15,0000
15,0000
15.0000
15,0000
15,0000
15,0000
15.0000
15.0000
15,0000
15,0000
15,0000
15,0000
15,0000
15,0000
15,0000
15,0000
15.0000
15,0000
15,0000
15,0000
15,0000
15,0000
15,0000

15.0000

8500, KM
6,000 METZRS

FX)

MAG
+95756708E+00
«942793026E+00
«93238668E+00
«9237724T7E+00
«91613104E+00
«91339139E+00
«907670025+00
«90227283E+00
«89800930E+00
«83434598E+00
«89012764E+00
«88584348E+00
«88157101E+00
«87733580E+00
«87314729E+00
«86900763E+00
«88645129€+00
«87413320€E+00
«86943036E400
+865454L44L2E+00
+86304L316E+00
«36437172E+00
«86285470€E+00
«86067900E+00

«85816439E+00

ARG
~+946455552-01
=+ 1558 344L9E+00
~.20385903£+00
~e2L450719E+00
=e28027497E+00
=+32187617E+400
=+¢35311718E+00
=+38219743E+00
=+ 40852044E+00
-e43288S575E+400
=e45677281E+00
=« 479765 €3E+00
-.501890172+00
-+52320986E+00
=e54373204E+00
~¢563700255+400
~e55880726E+00
-.58556513E+00
-.604388605+00
-.62207703E+00
-+ 63736481E+400
=+ 647593220E+00
~.660850012+00
-« 674581272400

-.688L1967E+00

TIMING
(SEC)

«153
«158
«164
«169
174
215
261
«315
«372
27
«501
«574
649
o734
«825
320
1.020
1.128
1,245
1.363
1.488
1.616
1.743
1.395

2.044

FIELD STRENGTH

MI
o1
o1
2
2
3

ol

(08U)
132,48
126433
122.71
120.13
118.12
116,51
115.12
113.91
112,84
111.89
111.02
110.22
109.49
108.880
108.16
107.56
107.21
106.59
106.07
105.59
105.14
104.75
104,35
103.65

103.57

3TL

10.35
16.50
20,12
22470
24,74
26432
27.72
28.93
29.99
30,94
31.81
32.61
33.35
34,03
34.67
35.27
35.63
36.25
36.76
37.25
37.70
38.03
38049
38.88

39.26
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2600.00
2700.00
2800.00
2900.00
3000.00
3100.00
3200.00
3300.00
3400.00
3500.00
3600.00
3700.00
3800.00
3900.00
4000.00
4100.00
4200.00
4300.,00
4400,00
4500.00
4600.00
470000
4800,00
4900.00
5000.00
5100.00
5200.00
5300.00

540000

-53.6
-52.8
52,0
-51.2
=504 4
~49.6
-u8.8
-48.0
-47.3
~46.5
~45.7
~4ue9
TP
-43.3
-42.6
~41.8
~u1.0
-40.2
-39,5
-38.7
-37.9
3741
~36.4
-35.6
-3u.8
“34.5
-3u.6
-33.7

-32.1

525347
52564 4
5259.1
526148
526445
5267¢2
5269.9
5272.7
5275. 4
5278.1
5280.8
5283.5
5286.2
528849
5291. €
529443
5297.0
5299.7
5302.5
5305.2
§3D7-9
53104 €
5313.3
5316.0
5318.7
5319.9
5319.9
5323.0

5328.6

» 015000
«015000
«015000
«015000
«015000
«015000
«015000
« 015000
« 015000
«015000
« 015000
+ 015000
«015000
« 015000
«015000
«015000
« 015000
«015000
«015000
«015000
« 015000
« 015000
« 015000
«015000
«015000
« 015000
« 015000
« 015000

«015000

15,0000
15,0000
15.0000
15,0000
15,0000
15,0000
15,0000
15,0000
15,0000
15,0000
15.0000
15,0000
15. 0000
15,0000
15,0000
15.0000
15,0000
15,0000
15,0000
15,0000
15.0000
15. 0000
15,0000
15.0000
15.0000
15,0000
15.0000
15.0000

15.0000

+85544078E+00
«85257383E+00
+84960510E+00
«84656175E+00
«8L346287E+00
«84L03224L7E+00
«83715111E+00
«83395700E+00
«8307u658E+00
+82752502E+00
+82429651E+400
«82106447E+00D
+81783174E+00
«81460066E+00
«81137320£+00
+80815101E+00
«B80LI3SLBE+DD
«80172779E+00
« 7985289355+ 00
«79533980E+00
«79216107E+00
«78899338E400
«78583725E+00
«78269313E+00
« 779561415400
« 77129129E+00

«76650198E+00

772073715400

«77130113E400

=-470222787£+400
-+ 71594033€E+00
-+ 72952251E+00
~e 742955115400
~e 756227 73E+400
~«76933511E+00
~e 78227523E400
=e79504817E+00
-+, 80765534E+400
~+82009906:2+00
~+83238222E+00
<e84450803E+00
=+85648016E+00
-.86830204E+00
-.87997739E+00
-+89150986E+00
~+90290308E+00
=+91416062E+00
=+92528595E+00
-.93628247£+00
=+« 9L71534L8E+00
-.95790218E+00
=+ 96853166E+00
=+97904492E+00
-+989L4L6L85E+00
~«10067421E401
-.10202821E+01
-+10191661E+01

-« 102L45636E401

2.195
2.350
2.514
2,681
2.850
3.022
3.206
3.404
3.603
3.819
L.0306
4.252
4o483
L4722
4.964
5.212
5470
5.718
5.971
6.237
6.507
6.791
Te074
7.366
7.667
7.978
8.307
8.615

8.939

103.21
102.85
102.50
102,17
101,84
101.52
101.21
100.91
100.62
100, 3%
100. 06
99,78
99.52
99.26
99.00
98.76
98.51
98.27
98. 04
97.¢81
97.58
97.36
97.14
96.93
96.72
96, 45
96.23
96.13

95.96

39,63
39.98
40,33
40,67
40.99
u1.31
41,62
41,92
L2.21
42,50
42,78
43,05
43,31
43,57
43,83
44,08
44,32
44,56
44,80
45,03
45,25
LS, 67
45,69
45.90
46,11
46,38
46,60
46,70

46.88
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5500400
5600.00
5700.00
580000
5900.00
6000.00
6100.00
6200400
6300.00
6400400
6500.00
6600.00
6700.00
6800.00
6900.00
7000.00
7100.00
7200.00
7300.00
T400.00
7500,00
7600.00
7700.00
7800.00
7900.00
8000.00
8100.00
8200.00
8300.00
8400.00

~30.3
=28.4
-26+5
=24.7
-22.8
-21.0
-19.1
=17.3
=15. 4%
-13.6
-11.7
-9.8
“7.7
=5.6
=3.6
=1.5
5
2.6
4.9
10.0
15.1
2001
25.2
47.4
Thet
80.2
79.1
75.8
68.9

61.9

5334.8
5361.1
5347.4
5353, 7
536040
5366, 3
5372.6
5378.9
5385,2
5391.5
5397. ¢
5404.6
S411.€
S418.6
5425.6
5432.6
5439.6
544646
5454.6
5471.5
5488.5
5505, 4
5522,3
5595.6
5684.2
5703.8
570043
5689, 8
5667.4

56450

.015000
« 015000
015000
« 015000
« 015000
«015000
015000
«015000
« 015000
«015000
« 015000
«015000
+015000
« 015000
« 015000
«015000
«015000
«015000
« 015000
+ 015000
« 015000
«015000

.015000

015000

« 015000
« 015000
« 015000
«015000
«015000
«015000

15.0000
15.0000
15,0000
15.0000
15.0000
15.0000
15.0000
15,0000
15. 0000
15,0000
15,0000
15,0000
15.0000
15.0000
15.0000
15,0000
15.0000
15.0000
15.0000
15.0000
15.0000
15,0000
15,0000
15.0000
15.0000
15.0000
15,0000
15,0000
15.0000

15,0000

«77210069E+00
«77160151E+00
+77040008E+00
< 768864585400
+76710254E+00
«76517606E+00
«76312491E+00
< 76097632E+00
< 7S874994E+00
. 75646043E+00
+75411911E+400
<7528 4124E400
«75118738E+00
«T4915473E400
+74700006E+00
e T44T6560E+00
+ 74247 3085400
+TL013592E+00

«7TL3IHL275TEDD

275671995E+00

«7616LLOLE+OD
*« 76L4L3L50E+00
«76623259E+00
«91675554E+00
«37680880E+00
«82579187E+00
«76934993E+00
« 736714885400
«68999117£4+00

«66L415643E400

~-+10283088E+01
-+10338492E+01
-e10402422E+01
~e 104704072401
-+ 105409825401
-+10613300E+01
~+10686818E+01
~e10761168E+01
-+10836086E+01
=+ 109113 77E+01

=+10986893E+01

=e11046127E+01

-+11110230E+01
-.11178563E+01
~+e1124L8154E+01
-+11318433E+01
=+11389108£+01
-+11460000E+01
~+114504 62E+01
-+11293030E+01
~+11249129E+01
=+11233491E+01
=+11232917€+01
=+97624953E+00
-+ 93564700E+00
-¢10853206E+01
=+ 11518593E+01
-.12008081Z+01
=-+128208782¢01

-¢13360839E+01

9.278

9.607

9.943
10.283
10.631
10.994
11.353
11.711
12.096
12.495
12.879
13,275
13.665
14,071
14,478
14,877
15.308
15,740
16.170
16.611
17.048
17.499
17.981
18.468
18.925
19.387
19.882
20.371
20.847

21.352

95.61
95.65
95,48
95, 31
95.14
94.97
94.81
S4. 64
94,48
4. 31
94415
94.00
93.85
93.70
93.55
93. 40
93.25
93.10
93.02
93.06
93.00
92.91
92,82
94.26
94,71
93.14
92. 41
91.93
91.26

90. 82

47.93
L7.19
47.36
47.52
47.69
47.86
48.03
48,1¢°
48.36
48.52
48468
48.33
48.98
49,13
49,28
49,43
49,58
49,73
49.81
49.78
49,84
49,92
50.01
48.57
48.13
49,70
50.42
50.90
51.58

52,01



AV

8500,00

8600.00

8700.00
8800.00
8900.00
9000.00
9100.00
9200.00
9300.00
9400.00
9500.00
9600400
9700.00
9800.00
9900.00
10000.00
10100400
10200,00
10300.00
10400.00
10500.00
10600400
10700.00
10800,00
10900.,00
11000.00
11100.00
11200.00
11300.00

11400.,00

55.0

LB8e1

42,0
Lu.0
4647
49.8
52.9
49.9
55.9
61.8
67.8
73.8
77.8
78.9
79.9
81.0
82.1
83.2
82.9
79.7
71.8
63.9
5549
48.0
36.6
16.7
30.0
53.7
72.1

90, 4
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«40881506E+00
«LOSLLS2TE+0D
«40235635E+00
«39948110E+00
«39677468E+00
«39420555E+00
« 391750665+00
«38939259€E+00

« 389124 71E+00

-.20416220E+01
-e20140L24E+DY
-.20032183E+01
-+ 19984860E+01
-+ 19928185E+01
~.20075702E+01
~.20227858E+01
-.20405858E+01
~.20649814E+01
=+ 20819894E+01
=+ 20966043E+01
=+ 21098432E+01
~+21221549E+01
~e21337865E+01
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=.21555699E+01
~¢21658962E+01
=e21759224E+01
-.21856888E+01

~+21868064E+01

95,308

964453

97,565

98.719

99.916
101.068
102,210
103.357
104.527
105.678
106,814
107,958
109,136
110,318
111,542
112,813
114,051
115,251
116,654

117.707

10.9
10.9
11.0
11.1
11.1
11.2
11.2
11.3
11.4
114
11.5
11.6
11.6
11.7
11.7
11.8
11.9
11.9
12.0

12.0

80.87
81,01
81,01
80.96
80.92
80.72
80.54
80,35
80.12
79.97
79.83
79.70
79.58
79.47
79.36
79.26
79.16
79.06
78,96

78,95

61.97
61.83
61.33
61.88
61.91
62,11
62.29
62.49
62.71
62.87
63.01
63.13
63425
63,36
63,47
63.58
63.68
63.78
63.88

63.89



APPENDIX B2

INPUT, LISTING AND SAMPLE OUTPUT FOR PROGRAM INTEQ 7/24/78
Card 1: LBL (8Al0)

LBL = path label
Card 2: NPF, IXU, IZU (3110)

NPF number of points on terrain profile

i

IXU 0, distance input in kilometers
1, distance input in miles

IZU = 0, height input in meters
1, height input in feet

Cards 3 to M: (PFX(J), PFZ(J), j=1,NPF) (4(F10.2,F10.0)) limited

to 500 points

PFX(J) = terrain distances in IXU

PFZ(J) = terrain heights in IZU

Card M+l1: HTA, HTB, FMHZ, ENO, IPOL (4F10.0,I3)
HTA = transmitter antenna height in meters
HTB = receiver antenna height in meters
FMHZ = frequency in megahertz
ENO = N
IPOL= pofarization; 1 vertical; 0 horizontal

Card M+2: NGC (I10)
NGC = number of sets of DX, SIG, EP
Cards M+3 to N: (DX(J), SIG(J), EP(J), J=1,NGC) (4(F7.0,F7.4,F6.0))
limited to 50 sets
DX (J) = maximum distance in kilometers for given sigma
and epsilon
SIG(J) = sigma
EP(J) = epsilon
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LDy XINTZ 4y XINTP,NLIMIT

1000) yPHIZ4PHI(1000)4SECZ,

27525512812.72h7hh87)

- -~

'S o

- o

o o <<

W o~ -l (S N
xYog ~ - "w
uw o oo o wo
*«ON o - oz
| abalkd - X 0na
TN - (&) ~>>
Xaa ~N (%] [
Sk p’ a ~
ONN o x - o
Xo - - w oz
LI 3V} - - O ~
—~a -~ -~ O -
Na— OD N e - [Tt )
-~ oo wd - ~
oNDO o0 wo OV -X
O e e e O =
- N O - o
Ira x oo Joue ) oo o X
LZh= - QO ~u O ~u
—ero NJ N O Lal* 4
TN e De - J ow

XX oD a0 O~ NI
e *tTw e Te
L e~ TN
XWON=—- XTO
N e
OZXY »
ONNe~
-l N

< sl XAWWEOD
QAN o0 W eO
NEONOW ®ok= O
MIONOD +NTO o
WO0o OadNO i+ il
Mo JVOJONOZ NI
Ll w oo
NN = MNIX N2 =N
ZZZOXZWIZWWN -~
OO0O0OW OJOO0OINILZ

IIYIXyJTa=raaduagug
ITIXIX AQZIVXXIXXIXIF
000 WOOOO0O0OOMaJ
VOO XOOJOLOLOLOOO

x

G THE COMPUTATIONS FOR U(N)

-

-~

z

~

L=

-

~N

o

Y

-

-l

1

Z &

- wZ
< - D
—eN ZzZ
NZO -z
O+ =t
Q. 4L
» —X ow
nNw (87}
]

%+

momem
- Z e L~
=) =Z
ZaQZ Nu
—penr QD
AINHA. 4 -
SOOI X oX
oh=N» QeI
N0
N~ o |l o~ g
-Z ZNLNZ -~
L~ wvgq—-Z
ZNALE O~
N Z = WINWe
ZUWONFOONX

11000

12000

-
-
>
—
@
*
>
-
o
-l -
N >
~Q =)
Lt d <<
o~ -
> *
- X~
Ira o2Z
a - U -~
“» —N\wo
< *» D
-2 o ZX
N [sele TN
ar M-
o» D =
*» N <O % Or
< [ =151
< =X < 4+ W
- N e = =
N owa ANOwS
- O WxE P~ XS
I>0 ww >NOQID
INY #— NOI=-0YXY
~AUIY N-EILIOXIET o
>0 MXMOk | BOO o

—ANI>Y JINNG I 1O
b L b N\ =0 e WS L e o o
NN NIV E NWi= N X
XOUNQ O N NNO~~—_
sNCQCl U N LLOHAAC
Z XA Nt | XTETE
WXNNDIWLENNDDWWO
N =0 WO WO =i
> WS =0 OWoO—ooC

13000

~N
pe]
»
Ll
-
~N -
- o
T -
a [N
- x
o w
oo} [
- -~
x x
Q -
1 Q.
< x
[ (5]
N »
o -
o ~N
N» x
> ~
N -~
-nN -
- N
zZW -~
~ Qa
- xr
[+ 4,1} w
N -
b 374 [«
| b ~
own - -~ -~
» - @D a o
-~ [ Y] x -
i a w a
~ o~ <+ - X
am W . w
b g -2 [« AN
wo. - -~
Oo-X b L I x
aCw % O J
- ao O Q
g +~0 < - X
~N — ~M% O » (&)
< AN OwadX > - o »
— =0 O ~D ONN X -~
NN aXZa OM o)~ ™M
INOU wWwk U\ T~
IO J-% O eil~0O™Ma
O 10 OCXX 4 oxXX(N~I

U LN\ m ONI T~ ) =~ T =W
NWE=-NIANM W O = X OO MWD
HIND e~ JWn MO JONw=+2Z
Q<O N A ONNLOAMINAOOM
Zht= I XA X+ =NOE QA X +Ok
WNNDDIWOIUX=NTO ZTWOoNnzZ
nwoagwr= S 1O HOWe I1YO
PN el gl e falel ] Ulale /el da [Clals)

13001

-110-



1. ..N-Z

=X(J)s FOR J

WITH S

G*QqQ
0G=-06%*QQ

G

140090

L J

-

-

z

~

(& ]

w

"

» *

- -

-~ z

- ~

] <t

~ -

-t P

I o

o »

+ <

o - x

[aa] -t x

- [ [

T b4 (]

Q. -~ o~ -

] -~ Da. ~

L~ o » X L]

- - - o

~N a Q- -

(o] X ro O

o w w e - o

» [ L o~ »

<t ~ () ~ <

- * ~ o x

~N P nz = b 4

w - a - W <

w = x [ & Jus ] — (L)

- (5] » 0 =] [}

* D -~ % - » W

N O Q. tem D« o [+ 4

® oI mm WZm <o (e} Q.

¥ + [V DwZ =a ] o

o o~ =Qao LXw +E - 1

o [7 3w Jew] + XX -l L alallBEd

154 =4 <L Tuww == i Ut 72 1%

wn OO - o N e ZZ »

- » %% Loo OO0 Z o0 wOla

-~ ~eD O+ + Ot O DOaQX
O dadgaADI =t o o~ -~ g~ O
et ol e 3 O * oy (<4 DX J
< NNZH®» X —w g lel )i W»
O OO~ +ND N Yoo Ca- Z-00 0o -~
ON>OQ~M«C eIl N i wIE

INY I - L s AVVITS I S g
m AN o KN 0
DDA OXNNYNYNDT ~Xed
SN I=ODHU N =N QWO
Wi e = o L o oms WL o o () T e
- ANWENODOX = N OM D W -
1 o ol INOWS Il w wO ) = T |
O NACO NV AN aTIHAAACOOO
ZeZ ) ZrimiIX> TOXLe0 XET =4O
DU P> NNDIDDN OXullw DWwwWwZoi
NN LWOLIT U 1 b= QWi =0 || WO
NZHZT> WO O OoOCOr-O0COVLOV
-

14010
1401

15000

o 1o naw
CONZO T
* Dw OHWO
sl QOO
N NIT +O
DTN JwO It
IWOLh= 1)1 O
——-C0000

-111-

16000



L S O I I I

BN G, S, B, G G, P, P B Gy, G, S G G G, S S S gy,

HHHA Ot HO N HONN NN

[ Y- Y=Y TP Y- XY T Y_Y_Y-T_}

[ IR O R T I I I I R I B I I I )

wWWuwuiuuiwwwiwiwou i uwiuiug

NNFTOOVHOHOVOINNOONO

MOONOAHO O INO DN HOODWNIND

oVolhoMmINo W Lo NS

MOV EHOBVOMPOOONNTO TN O

e ONOONNIWOOOVITOVDIONITINM

~TOMOOONAOONONNONNIO

COVOONONWHIOONONHOMNO I

NN ODONHOMN NV WION

cOHMHOOMIINOOHONOWO VO

eNUMnNOOIMmO OO OoMNNG

A NONMOOMOVODTN VOO HOMO

m~ OANNN O A Al A MONN H-HONN OO

NN AHOHTONNTDON-AMNO NS

MANOAINODNMINON el O MO v vi UM

[72] DOLFOITOIOONMNMONMNHOOH-HOD

- " 5’...0..........‘....

NX OHAOMNA DN N OO vt v = O O VO

N o Il ceecoarrneor®teenetoe e

NO . SO ANIMN et A NN et N N et N

- em F eOOOO0OO0OONO00ODOOO0O0OR

LANTmO~ 1ttt

N *~ NN WWWW Wiy wwwwigwwiwuiwiw

W el ¢ oMODOVOVON FTONDONOOHNONO

IO | HNHOIANAUNDOONONIMOIMO N MU

eXTw 0|l TINYVORNOOON-MINO DN I

Z> cQOHIMONONNTIONDVOIIMOQTS

ONe & ¢ e OO NVVONOINI TN OO

H eONN"ANDOAHDNONO rHN = O OONNOMO

N DEAOONANMOOMNNN =M ODOT -

ON™ || *oHOITIONHNIONTIOOONOAN o~
ZNOW HIOONNMNOONONHINOOUNIMO N NN >
Do Oavw MO NOONONTHAHIOONNA~ &
LNZZAZOOOUMIONFTNNNN O N INON > XXX
O~ NINOMOITMN AN OVOONND O X >~
MM H IO~ DA TN ANAOM IO AHOONNOO JL X
WWNI >~ NMMAUNFTOMNNONNONLIOINT I -

GO TO 100

(I)yFLOAT(J))

GSe%4¢5:0ReYeGEe345)
H(I+1,J¢1)

5
S
LX(FLOAT

v

ClI-1)+C(I-2)) /Al

3412

e w
- o> D
1~Z

—~IZ> WONANDQDINVNINONOMOOWHNNGO o o o | 1| eOH Il
QOWHHTT ¢ s 6 c 0600606000000 000e o IMDENNXtdINAOT~rNIw I >0 eX=XUWDIN -
NHZ e DN N~ =N TN

XL Mttt TMHAOMNUN AN HHH1 OO I 1 QO N=X O N

=CONJG (S)
CONJG(S)
3
)

)
S

)

2

z

)
0.) S

0

I

OO A A o w33 || | N DO~ 1O N LUWLNILOLWWNN NO
LOoWoOo M= N3N JHHDISNODLOCOODIODINHIHNNHOHIX NN~V
2 D DI I D D B I DI I I ICICICIC I b4

o -0 oo o©

-t - vy Mmoo o

N

-112-



Qs G XINTZ s XINTP,NLIMIT
1000)4PHIZ,PHI(1000) 4SECZ,

-
o
o
[}
L) o o -l
o< ~
Lo o2 .
cON o
=i -d [
TN - z
Y <X < ~N w
- ala 2 x
ONN o w
Xo - - a O
* o\ - [ 4
—Na -~ em . W e
Nt~ odDNaAD X %
- OO~E o TN
oNDO CUHWWI O «O ©
.0 e N T~ Oox o
b= o TNNCO W+ O
ra x DD e ot EWaOO
XZr -~ O~ o xX o
— e NJINOH WSO
EN e D ew o) ITNNO
MM} DLV em=N -
Vel < oL oM =XTO
OMFZ o~ INNW o~ WO o
LXMW N ED o0, = O ©
WN e « «a VX XWNO "
~OZY &« OIN ol § >»OH N
WLONNA NINO o= =0
AHNO MIN eNT N ~0 [y
WWoOo Od9Oalr- -_oZ X o
ZHIdD JOINOZ QO% ol No
L VSR VIR VER V) Vi Vil O w=W>WN [

P NN N DN DN DI
DZZZOX SCWZWWwn
QOOO0OW 0OJOJJZ
rCrfunJdiraxraoauw
QALXYL «QXLXXTIZT
D000 WOOOOOM™
NOLL KLOLLOLO
>

O N

N O X
M e X Z 4+ X L)
ZAX HXX|I>> o
NEZ I=Z =ON
KN JZUW >N~
ZOWaO !N iU
WUWHHOO>XONM

o
o
[=}
NO

20001

G THE COMPUTATIONS FOR W

wZ

21000

NOQ

22000

T
EEZTA*DDZTA-PHIBR) )/ (RTX*RTXI)
T0 26007
A
* FNX)
0
T

-H
/Y
*
GO
/
0
T
K

~ <IN IO »
>N D= 1 O o
S INYOANN I ©
[l ol P B A FSL - L g
O NUWVN TN W= v
T W TN~
VA e“aOa
b= ) N || 43
MANNUW -NNDOWO
WXL WO~ it
Ywoa =wor-oo

23000

O0ZTA-PHIBR+PHIZ))*UZ

) /X2
ZTA*

-~

X
E

~N ~)
d (O~
— k=0 X
N3NNI EZ
1 NO =~
IO -  *i %

O | OTX oo
ANN =N ¥

b UL e O INCY ~ ot ™ L)
NW-MOOw XaaD
H NN JWHJOOZO
KIIOQAONLAMN-HO
Zhtem | = = OL NG
WNNDWO =D OZO
HWOI=- NSO HONO N
> WO SoCLVLTCOLVLOLV

GH(Q+SQE(K)/Y)

3
M
Bg‘TAU'TAU)*LDUZ

&

K
1
I

23001
24000

=16 ¢ s NX=2

FOR J

=X(J),

G WITH S

T
ﬁJ )*CIS(KB2*(EEZTA®DDZTA-PHIBR+PHI(J))) *(DLTA(J)+TA

éKBZ'TAU‘TAUl0LOU(J)

0ZTA
(NJ)

D= ") o= oN

eINw™) O

Whe U~ e

- INUWE Qe v

) ool HNWII~

NN NAIO N~ Q.

Zd¢Z ) Zhp= || ~DTT

QUMD NIwNND I s OW

NN I WOTT o~ | =

NZOHZ>WO-ODOO
-

24010

-113-



P(1)+SQA(K)I*IGG(Q+SQE(K)/Y)

2

25000

p
wo
-
(= 3
L
Lala)
-~ it
i)~
I xa
xXZX o
Zw-l [«
- D »
D00 -
» % -
-+ N o~
M) ~
~ 0~ ~Q.
-~ QA Xw ax
N = XlWw X
# e~ WO e (-
X X bk oX X =
M Z O WWZaee
q w » OFDwX oN ®
< A~OZXZA o
N b= om Q2K 4t ) Do o
O NNIZJAr-NDZ— Vel
*» OIWADZ » - o
e INFIZIOF~DA
Nl I OFOamo o
®* O™ b ~ W (.
N 1 <KND Q. ek
M X0 vt rag o
¥ Z-OX wa. » (]
N g ¢ LIX =X~
% VN LD -2 WX (]
N T o~ »—-Zg
» O Nk | DI -~ -~
N O% XA XXDaXx >
D NZNI ZN-<g Zz
XMk WeOO ~OJOL  ~
N~ N O~ OO0 1 XZD
qa W W ~uas
axX navnda+ N+ X\ND o
TWOX IO dOA OO
W <Wwoa |y Cail i nwnz
- -0V cCoLLLVLXOW
(-} @ N
o Q o
o o o
' O o
o NN

-114-



SUBROUTINE SETFLD

QyFIELOsXINTZ 9 XINTP4NLIMIT
1000) yPHIZ,PHI(1000)4SECZ,

3/X2)) 4=REAL(CIS(T3/XZ)))*(SECZ*1.77245385/

>
~
- -
o -
o [\V]
o -
W~ - N -
xxo«a - ~ -~ N
W O D - z - e
eON O o« - P
Pt ® - - oo ] [ atal
TN « N <« &
X< N W - x » Q
= p beo T « W | - -x
ONN o o o [+ 4 -0
xXo - - e - < -~
L Y] . Www w N~
—~Na -~ aaoo N ~\n
nar 0ODMMm (T3} 3 - - w (V] ~O
——~ o0 « enWw -~ @ [ ~N z < n\
aNo O VLW =0 T b < - (=L 2]
=3 - DO el oz » - - - ~N [K=4
(ke “NaS » * - ~N (=] o Q o -
xrax DD & «On N w < ~ » + O ewit
EZhem QW o @ xa - < w w N N bl Aad
X0 NUOOMO 7] [ \N] N N [ [« 8 [ a < N~ on
IN o D oA » @ e U < O -~ - @ ] - - NN OV
XX=O  eDM & o © e X - N o + Q. N N T~ O
e eTw o e eONX VRN 4 N NN - » L] b= o o +JO~
—HZ e~ INUWLOCOW M N0 axw o X ~ 1 -~ o o + + (Y70
X XDOX ox noN [l * % N &~y < [&] -~ o~ - <
N oMY g eNOI o X Zaawn N NN = O bt - v~ ~NOX
OZX & OAV «J & . o~ Z > NINID e b= e w w N 1 Z aN\TO-N
ONNe NINW ol N aaNFHX UV X=X NO~ aNWNEMQ qQ9Z Zu ~F~ ) gD
AHNO MIEFIOWE Xt eXX & o <% N=N%  =INX =0 XWIo v N~ MO O\
WO OONAUW NXXOww o= —NONOW >0 Jdw i~ OrZ% % ~N NCOMF = T OO0 X~
HUILO JOJOAIIE % \ e iO® NI O ¢ XOQA=OXw» % W o OFWIX > wel wMwwZ _J-
Llhl-u W WIONWY (Y~ ow bt Nd$ I =JWNWIAW @ o IINNACT ~ =k=NLONw oQ X
NANN NN IOOCD Y 1= IO Tt WN @ e o-TAJFONWAQAWA®R LD O il I HNNE=>=N\# T+ || =X
ZTZOXZWZWWWI-XZ «NXA - NO NN TONONIOADONS Z S Zmmem | XENWW + WNO~JOXZ
OOO0OW OCuOJdUI™IUHNI NCZG o NN NONOVAW QIAI®D okd ONIZwZZLZA+OMAOCHINNZLZ ol
FTLTFVNJIITATOAQA =X I XXV OININNNE e TNINNIOY N dUdwweeZZNIOOT enwZlU D
IXX QIITLTILZNN|ISXXI KON JS=OM I TWH X JWWwOONn Nz ZUHEQOMSL NN ZOD>wO =0
OO0 WOOOOOOOFONWHFHOULONZId-NWIWNALNINTIALADIMOO ONZNEWI I WN-HAMIN~OULN WZ
VOO XOOLOVOOVLOOIMXMHEXZUWLZLONONAF Q= ORON 0N =00 VZULONNAE > =-OOOOODJ-Y dw
x x
o o - ~N o
o o [ o ®
o N o o o o
© 1)) oo o o o

-115-



o XINTZoXINTPyNLIMIT
T0 30

o

)

oJ -

O %
wa -
- 0" o
W e ™M ;

L PN Ps :
oo . 2
wn i N
[ - << L) -
wo [« B . 2

ot W w - - o
~0n o ~ a - -~ o
I e W o~ - -~ - o
o~ ~ - -~ > < ~
>0 - N\~ - » - 1
on - e W e - 0w o > X
o~ w o Z a N s - -

Q. ™m - - b e - X - - x
-1l 0w 4w 0 ¥ O~ [ o x <
(20 o o M & eed W ~ < ate
et o o N~ e O ~n o - —~ 1Y o o
Ooco - X < O o0 O w0 $% w N xx

-~ alnn Vo] LR N x o -m N ™ — ~ 5 N
NV -y R A O an e « - —- N ~=
wIXXd O o~ N - o Z3 - - o - o py e
<LXODW - - o= A’TM vmv. WA - H a... QQ P o
b= ® o ~-Z) - . o i
dTO~AL O O W XWX ~N n o« « b4 (< PN O mal+
axvo e« O —HaxO XZ e o o o w - .~ N aglr
"z lod SHX e - o X o C Ao D ETINY
Zhd e TR [ L 17, T Y < » =z P T By
OXNgIW = _—— D WX =pila) © = WJ o v <5 A e
ap=igie lolvter Zoxozo & X~ O » - Tom o - I I~
OZJE s o~ COwXH e IAh'Iﬂ O =X » 13 - 1 ey 3C bt b 2 2
OODWFOW VA O-W @IXLD! N e - e U L (o= T= |
ZJ00a400 ~ JZUWnXZ QX ~ Me Q ®© 4 ¥ MO ¥¥ oo a1 XYoo
DLW WZ e « O e~O0 - Wl ew A X IO = o O XX o ¥ P reaTRT
L-OZO e — e~ ZAIXZ~ ) ~wwaX N O ——— xxhn Eooohn
LNO W o Wil dem I a O QA wHXXH || o~ 4l o JdvN WX N
MN XD W NGO P ICICICAd T > g~ M) FF U e ZZ TN Yoy
WLZZNWHXZ OZ I~ o0Z DWWUWN~ OTIANAIN + - UM N UMM Z ZXNE D=
AO0OZd IHON IO T 0 OddJdZ HOEXhed orriX o 1 1HAIXMN NI 1 WIWO WO It 1 W
L5 To N DI DX | b~ KAQALIXXIIOOS | AL NDmam et Y UL mnZZD Ol maZZD
AL XEXLEL ZLr = I g =0 OLXLLX XD N T dll I AN T i Z 1] X et O e O
OCOOHOOWO il JWZOUWIXWWZ DOOOHA | - W XOZXOXZNY X w~ONX W~ DOW OO~ OOWZ
VOLOVLOHOHOXWOWO DX W NOOVVCOXEAHHSXU O Xt ¥ OO0 ¥ FOTX XY OT XTI XK W
ot R, o~ o
[TV -] - - -l m

-116-



- -l

o ~N w

(=T he (L]

no + -l »

~ o > ~N -~

NO * x -l <

(] -~ - + ~N >

a~ N > in X ]

o<t (o] + - o+ \n

- b= »* m [=1-] owm .

oN n > - - e o

o0 . " > o »

n - o [oe] O» O - >

~ N » x —— - - >N

> -~ . » W 4o~

u - < ow O~ a e~

an~N »* ON Ve z >C v

= - > ~ O ~ "

w *~ bad * [ o w . ~ > N ) V4 o

a0 e 4+ «© » o ~N w o Nt pe=]

ZZ- O » > + o a. n - NN ]

e 1 X >0 B+ - L TN N . - W~ -

WNX w0 ~ DN - > >0 N o -o Q- D -

OXX N + o ¥ * e L ~ + o » 1 o~ O w4 <)) -

e T X Nl -~ O - - Do » ~N () o B | x> 0

NZ - [=3]] *0 o« -~ Z o xX »Oo <o b3 -O X ' -
<<l mm —~ VU N~ ~N » N~ > % W rn - ~ ~ -
- N\ *x L - JA 0N X o~ ud o % O [ ] -~ YN o N
W-Z O o + oM W Zovu ] [ L] ~O+ - > w - * -
NULNO o (2.3 a OwXxXina. - < o eO-XIN LXODw N\NO a - wINaA A i

Owi - ”m e Z =N e+ N - CON o O NXKN 3 omp= Z U™ - %
woeow (=] » O N W eOIN I N alld WL O ZZ o\l SN [ ] Q. ~ X >
Za R HDOT X e\ ¢ OWY = AIQ Q=% H-MeQ WOt . o~ ¥ - s
=N\ ~ OF U * OLHEN | JLOO+OH W ~XZO I J-HXXE NS NZw ww WX Xa~w o
— NN wZ D O A% N oMkt FOO~A N NIld N oXt Ll Lol 2ud o202 DLW IND Zomy
DZZZ NZ m -~ I NHZ~ O NIZZ WeNZ~ waNIN XOXIZIZZ o ZXO tLZ =O»
0000 T 1 XO>H AdOdAXUOwT« | OTW~E> QLOIOXO~HOO=INIO Nt LOXH @Oei-W | >20HAZ + D0
CLETICNZA | b= XD DI | 4 XN = O N IO N XY e IA DN Qv DT il =
MEILXZEXO~ON v ] NN Ted | bl O N W H St I NN HNE=Z~IXYZ X NZHNDD O

DOOO NNU I =ONUW (| ODNNUL I NONWNWZ N NNONNLAIOWNNNAII HSZNWOUL IO I IINOO-II NOZ
NOLOXTHODVOIMHOOXDIIHOIOIOOXWNY TIXIIHXOOIOIXXYADZAXOMMXYOXS>INOODDD>VOW

O o=
o - N oo - N © O
-l - e N NN M (V<Y - it

102

-117-



-
-
(7]
[
<
<
-
%)
z
o
(&)
[
(] o
x z
- 2
-4 -~ o
=z w - o«
- " o (L)
a o W
- - > o«
<= o T o
- a <
> - - w
- - N - ~M
N ea~ « - - o
- 00 O W O w
Z on T o (S 3
- N\~ T o z o
x O < Q. - ~
o N 0t - 2]
o uwn 4 o -~ " [Ve)
<4 0 e O o ('S - ~
[V * Q. U o . -
o ~O z - -
N own w > - - - (%]
X ©o- « < - [} - -4
X una - o« " a -~ w
w ~w « o - (] Q. »
e X e O L4 - w -
M Wwe s - o LN (S
- Qo w m I - ~m P-4 o~ ZU\ o
x "N (7] - e ° w o - oIIND
o W e O - O ~ - - o N O
O ax & D - X N~ o N O [LXVe] NTrow
-~ ZO N we o o r »- - -0 o
[ * o (\V] - O Ww a e (o4 x N e -0
- WO - cmO I L= ] @ u O =4 wWWWe
LY OOw - po -} © vl M O J e O e e an~Qa -~
a e Zd~ > om D L X ¥U o o© -~ ¢ ZUNX (]
- N ON - oo O ~ e > M - -~ - o wow -
- WNd™ o~ o o MN oo % - e I ©O - e O N o o= -
ANOJO I - wlwn - W e w ~0O » *Own XXO O Wl e o
O JHZNO0 D o e o ao - -~ a0 Oee w AIOVO e
wouuwoOoama Zo e # -t el el =Z o O +>-0 oo
-4 OO0« IIZ - N\ uw oOAXOO- T w LOA =0T o i
WXl e O\ o WZULWZN e Y e ZimerHdXOO U
ZHHWOOTXTZ D M eON T e el ol MN O NS ewlwl e O
U JINNN\NOOoOWN WO~ Ov WO e wHil «AWOO O WOwwXANtO e ww
-\ -HOw DO Ww DO O©DNaAIN D000 Do II0ZWOy

DZXIZZZNwHU Zvir-Q = ZrikOXMrNRH~Z - Zr=r Il YA Z eOZ=
OO0000Z O M AL H COM ki Zh - O aAXwlWHZodg
Y IOLIIXLIOUWAI-OTIwZIA OT W IXwOw-O0wZA0OXoMUW I | TWDIX
MY LYIXXIAwOCZAX HXOZaX I w NZQg =HOZAX QLI ~=-0xo
D0 OO0OHHWLFOWOULXOEOWOXLOALOWOWWLEFOWOOX I ZZWLWOOoZ
NO CLLOXHNOXL™ALNOELXHO ~HOALOXXEHHANOXLOOOICUWUOIWWL W

N Vel 4 0 -
o (=) o o oo
(=] o o (-] (=1—-)
LoV ] - M - < (-1 O - © -t

-118-



=0

CSGOIF

ABN(Z22)*¥0.5€E-08)

EAL(Z)) +ABS (AIMAG(Z))}
.LE.

ION CSGDIF(Z1,Z2)

T
2
R

O~

-

-l

o

<

= 4

o

[Ve]

o

Ve

©

.

o

f
- - .~
o. -~ - -
o - N
[72] M
~ - g
- << » »
- -~ » -
L-¢ - -~ M -
b =4 3 N » w
a wn - o <
- O < -
<t 1%} - NN
et o N- o~
(%] n Mo =~ -~
O X N o~ N ™M
- Z X Owl ~ ~
- - O g <«
Z UV . [
O am O« I X
- o > oV =Z= Z
el iN) ¢ Pdaa(D Z =
OIXAwOD QAQe~ =~ 0 W
ZOA > -~ o Q. QO
Dd e L)+~ oA » »
UL ZrA T mmead ) I =
OO wiv~ o o4« O QO
MMMt I OO0 O O
EEES(AAAAGLQNSN.\%

dddZ HUNXE o sNX ) X
A0 0 WDttt || DN DN
LZEXLZXrrtOMIY OO O~0
QOO g~ ww || L LOWOWLOLWZ
QOOOOC L o b bl bt O =4 O 4O L)

z
[+ 4
=)

Dol o Xt 4w o\
LILLZI-T mnmnIN | . AT
OQ A vt ¢ o i NN
MNP S e D)) ww ww
wuwNv <O I ZI (1 ZI 1 Z
dddZ NN NE o o HXE HOE®
A0O " 'CLammamtdb = AT INTDINITD
IXXXL eI oDb oV sVD=0
QOO | Ui HOWIOWIOWZ
QOOOO < X X i bt (D= (O DO OO LS

-

- -

o -

N L}
o -~ -~ -
o << -t -t
[ ] » - -~
4 -~ << <<
™M N ~ ~
o bt - -
° < . [}
= ~ - -
1 ~ + -+
N - - -
4] - (o] (]
- -t -~ -
o. ~ < <
o < ~ ~
[ 7] 1 - -
- P o [os)
- > [os] Lo d -~
< - ~ r x
I -~ X z z
Q. d z - -
- n [ (7] [7]
<t O (7)) Q. Q.
- N a » »
I xx o » -~ -~
O Z un M o~ o om
O H o~ [s] ~ -~
- 0 & O - a a
a « O a > x
Z o o - > w w
O - ™ ow O O
= Qe - ouv O * »
—alAN) @ e O » N N
QX o~0 QAQm-~ ~ [+4] [20]
ZA ML tiltviom o MO - -
- -8 Q
-y
mWn

-119-



GGI (ALPHA)
B
P
rBG/(BPE2'A)’-5‘(HERF(ABG#AAX)/(BPE-AA)QHERF(ABG-AAX)/

OXINL O
LA TOIC AN
DN & X <
WO =l
W —rO ¢+
2N % N
WwZWwWwIrogsva Z
—SJ0Juo A NNOa
AATXAAJON D
TIXLILIS XY =0
OO0COONIIY WZ
COOVLVILam X
x

07)) 9y (IHPI=(04414570796327))

Ll
-~
L)
™M
- ~
> [«
a * -
v -~
(L] [aVl]
[ R
> ot [« 1o
- =M bl
[ Q. >0y -~ * o~
x IO < oy
ad ey g o
-0, e~ b oo
<O =N AL mem |~
~D Q4> e XM b
Dt =IO W Qawg
A O - O ey
e e * O
VIL OV N ¢ | ~Q
[ ofs AL g -“wOOO" 1T
QAWM i O =~ < d
WX o el it i
ZanaZa [Yolo 4. 4 -2 N
- O OSwwulw N
=Mt Y X L~
DWW~ ~NNVNDDZ
OdJdZ CaOo i oo

KALOAA UL I mmmOOD

MELT L o MDD =0
DOOOMC 1} I I~ wwr bt bt S Z
NOLLOOADAITICTTIN XX LS

3¢141592654)) 4 (IHPI=(04+1570796327))

-~ o
-~ -~ o~
o [Ta S ]
(L] -
(L) o 22 = N
(o] LR )
> - o () o I
[ . -~ V) o
L2 4 MmN T
X~ -y
O -~ o o IN% O
L= {53 b LN o [\
el —-A0 oY «OF
Ix a O w O~

O Ordt & AL o bt bd
HIw o) wwwellNa

ACm~ QAQwIwr
Wa e il Wl

| Za i XN

-t QA WIS oy o omom
=ML LT X I

Oddd @ pon o o e 124
KhAASIIIIOOOVOD
CLEIIFD UddOO00 0
DOOOA I AX Tttty Z
NOOLLOT VOLIN XXX W

-120-



-
-
-l -
~N ~m
d -~
(%] o
< +
x 1,
- .
< (-]
- * o
. b -
[~} ] L] -
- ~N -~ -
Lg] ] N -t (] (Ve -~ -~
- - [T} ~ - (=) N -
-~ b o -l - Y
. -~ -d o » o 2] -
-~ N o. zZ - (L) o o -y
T x - K4 - - - -~y
-~ wOu (&) [+'4 ~ D - Mom
D Vo« " % L) [~} o. N oNn
O Xwx -l > w ~N - e
- ol - ~N o~ + (&) N -0
- OOQg (=13 -~ -~ -~ L T -y
D Ok~ [t s 4 - w . > ) -~
. o)X O [\Y] » - * a0 N
(S 7)) o ~ - ~ -~ [ + < anm onn
O O e o - © (e} - ~ -~ I Peln mamws o
[ =R P § - ow - e + o o '3 a el NM» )
DOXT o+ . w o - -~ ¢« - » -t e N OO
Dud &Mon o o\ o~ -l [ X~] - -~ q<DOM oM -l LY V]
o o0~ N e 1) N~ © ~ O e @© -l Q. O~ O b |
CIDONON TN - - wN - o~ —~i o o ~N XN ecuN NaQ Qo
< & oY) N ME W\ O o » Al - ~ ~ON~ o AD wd b= e @l O
~Qe~ IO oM ~lWem o $UO N o -~ NOOD - -~ ~a D=ODY OC it~ ~
LON e it [ d o 00 A K ™M 2] —-O v MO ™M WX QX eQ & - ed |
O * emO -4 WX e+ o ~ Zw - o o > N ewiN o ~OOOCQ
[Lloslm X 404 . 4> evd e e O (L) M el o O -~ VoLV O oo o
D e~ NN O W . > amo e o . O~ [ < YT N> % N
~O ¢ -~ Nilat~ 4 o ~ ~ O ow od UONN Qamxn o wec o
w W -th PO~ o » » et %) R v W & - L ol ol ol (]
ZAq NP AN O # DA ~eit m» NIDO ~ - emln < e I ONDe ZgaZO o Wl W
- - N> O ~OXOI XD o= O OWe e ok [ =1-L[C% - Op= CZZZT NN
=3 5 11 1) Wy Mot VWNOO O~ I XOINHO N~ dpwOw || OO [t ate il i B Lol
Dwiwle~ O WhbrOOX | Z% #» Q. HOw ol | R AFNAI - Z DW= XXI 0LOOMDDZ
Odaa~-N HW o o= I I N ™"DHIXKOHNNZ Ad odX* OXNON >~ OCdJdZ # 0«ax [(WY. 4
KO AL~ IOOX AN E o omm e N (Y b L) b= N o0 X Db b b ol b W = Y WINI = 1IN D KA A WanNJ+WdddNND
OEXX=ZA NI~ NIt ONMe i~ Nl I~ ] DI OELXEF IV d dOO=O)
D00 N AUl AN Odww = || “LIOONNEIO HLLULIIOLINHOOA | WZ 200G Il H I CCS-H-WZ
NOOOTL YW N (F XU O I CIE O b b= ONIOZ O LD bt bt bt b o e ek e b N LD o O D X g NOLLOO>»>LIOIOVOX XKW
(=] - N MIN ON © ©
oN o © 0o 0o O ww
N -l -l et ved el

-121-



-

~N -~

~ -

o) )4

Q -

- [
- -~ o
2 [\Y} +
~N - Ll
[&] N b4
- O~ ”_
> (4
- ~in =)
« [V ] ~
T N ~a  *
a awo oMW
- HOWn oo
qaD e et LN .
oNIM T o lalal +
HOCTN- - Q ~
-~y P o O X
DX NDOM o4 9 ~
N eO'Y & gL -
Dt o) o cee O
T O >=>=> *»

QA OX~ e N
Wwo e el
ZaazZw wWww e it
— oo ZZZN~
P SC It T et bt 3 X
DWW~ IODOD ~Z
OdIZ a [=p=1. 4
vaouwda JdddMND
ULZEXLIXD Jdd OO0
DOOMA | IAIOUZ
NOOLOO>CLLLLOXXW

o
L2}

5667 +Z% (4 83333333E-2+Z%(.19841270E-3+
M)

S(REAL(Z))+ABS(AIMAG(Z)).GT.1.) GO TO 10

-
~N
~N
-
X
z
- -
(7] N
a O +
-3 ] ~N
z ow -
o O o ~
o= - -~
- om >
ON ad N
Z - » .
ON N0 -l
wN N Al
oy N>
xx i o LA d
ww ne Zanz
ded ONINEXIX
a0 Nas® Z DWZD
TENSNI =O==-0

COoONWNY WhnwZ
OONMNG >0 oW
3

o
-4

02842444534,

-3
33333,
0,y

wmN

ON SHERF (22)
(
7
3
(

I

Y

9

5 .

7 4

3 .

0
(REAL(Z)),ABS (AIMAG(Z)))

(K)) GO TO 12

T
’
(
8
5
3
1
245385* (CEXP(Z) -HERF (CMPLX (~=AIMAG(Y) 4REAL(Y))))/Y

F*Z+CF(K)

N
V4
R
C
i
6
3
8
S
8

K
9

k

F
z
W
N
8
3
L ]
A8
cé
)
77
J

ouwwmm
MR XK -OUNM >
WWWN~ =Min nZ
AdadedZ O oD TCwl oL I LML
QLAQAUWE el oNE == (N DOX ~D

(
E
(

CMPLX(CF(J=1),0.)

X1
K
LT
NUI
RT
=1
N
K
K
SHE

XXXk NG wZOUWkww W=
OO Om« HHNOLONITWHIOTWZ
(818181 a]a] NE= OO NEHYNONT W
bRt
-t N ~m
-l -d -t

-122-



290453Uy

L2

9
9
L]
4
5
Z)-HWERF (CMPLX(=-AIMAG{Y),REAL(Y)))) /Y

U T e N

GO 70 12
E
)

WIXIONOUNNMON OO
TNX = O NM-OINY
NX e T=HMO IOV

e> O OM = NO
WN o eOM o oMY
INNZ I OM &) OO [N D St 212
— OUL OMMA VD |l e o= I X IHNNXX
EXXEHOUMIWL N ¢ HXEDiwway OOX XX (|1

4
6
K
b4
0
3
8BS (REAL{Z)),ABS (AIMAG(Z)))

8
K(K))
S
5
c
c
Z
z

1
ct
7)
77
Z-
L
C
?
i
2
(
(

DWWN=1MINO eed X JZAXNN XN U N
OddE O o0 TLed 1T mnO | ~amaMam o~ N
AUl evd oI NT vl = (N O O e et v N
CLIEL - N wZOww wiww wwIIO
D00 Mma LS " Howo i nno nunonnnnZ
noooo (=] N O O> 2O TIN O I I XKW
b2 o2 SR 1.V}
-l ~N Mmoo
-t - LalhY)

LT,

-

~N

-

(L}

L4

x

(]

L- 4

.

o

z

<

.

.

'}

.

[

-

.

-

- -

N -

hd ~N

- -~

< 'S

w o

[+ 4 w

bt x

(7] ~

<] -

<< [ o]

- n
-~ o
N ® m @
N Y o~ -
~ O N <
w e N VW
[+4 e N
w o N ®
x o ]
x N e
W. o L[]
ZX = N ©
ow J un «-
[ 3 e <+
| ol el N
ON &~ | =«
Z e NON N
ON = 0
WN O N o

<O o |
XX XU« N

CONLOVEIWXZ
CCZICHRHE

[~}
-t

-123-



G WITH S=X(J)s FOR J=1,.eN-2

14000

»

-

-

-~

3

.’

-t

x

Q

-+

o -

a2 -t

-t ]

T -4

Qa -

] - 20

<< [+ 2] L 2 =

[ id -~

N a Q-

(] x ro

o (1Y) w e -

» - - [\Y]

< - - bt

- x - a

N P } nZ x

W -~ a. bt w

w ™ x [& J ] -

hadiieg (5] - » 0O =]

» 2 - % - -l »

N O O~ tem Do+ [« PN

o xmm WZm <L [« JT¥)-4

X + Wi DwZ »a LD~
o o~ 00 LXw X - X
o [ 72 Jap o + XX il Ll N
o [t Suww =N i ) =0V
wn OO - Z N Ve ZZ %
- * %% [S-Te Ve ) OO0 Z o = Ora

-~ ~—D O+ + Q<) O DOQGX
O™ ag~Dd ot [« ~ L. O
Pt e Ty L » Ny (=} Ladee ] o 8 o R |
< NNZ=% X o~ i Ll »

OF OO +ND N ¥l O~ Zr-00.0. -~
ON>OQ D *wlE 0N i wIE

RSN 4 24N LA, (T A Oltlons

A LmEN o AN = QO b €L s e i
WO "IN o XNNYYNOC ~ X et NiE=wWDOOwX
AN~ IIQDH I ~HIN QWO % §a Ho-w
Wit el el o i) o o ) = T wNZ D aX -

- DANWENOOX = SN N DU ¥ (Dw O vICY

o o HNOWS It S o) Z ) Y QO bt fo &
I DEIQA NV ANOALATNARAHOVO s 0OV
Z4+2Z ) ZhiiXw TOXF-OEZETr + Q¢ W NAIT 40O
QUDDN>>NNDDO N OXulild X wwWwZol) DTN JWON
HIIUTIN LWOLIT W HI-FOW==0O ) OO WL NO

PZOHZT> HUWOFO OO0 OCCOVOY [l md = L84S, ]
-

14010
14011
15000

-124-

16000



NEVIDA,
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
OKM=
DKM=
DKM=
DKM=
OKM=
DKM=
DKM=
OKM=
DKM=
DKM=
DKM=
OKM=
OKM=
DKM=
DKM=
OKM=
OKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DXM=
OKM=
DKM=
DKM=
DKM="
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=

F=2.0

51
61
«71
«81
91
1.01
1.11
1.21
131
1.041
1.51
1.61
1.71
1.81
1.91
2.01
2011
2.21
2031
2.041
2051
2.61
2.71
2.81
2491
3.01
3.11
3.21
3031
3o b1
3.51
3.61
3.71
3.81
3.91
4.01
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GeT71
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S.01
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S.61

MHZ
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=

HA=HAR=0.9
-5.68 LB=
-5.46 LB=
-5.,53 LB=
=-5.,55 L8=
-5.51 LB8=,
-S. L4 LB=
-5,38 LB=
-5.,25 L8=
-5.15 LB=
-5.07 LB=
-5.25 LB=
-5.24 L8B=
-5.,00 LB=
-4,85 LB=
4,73 LB=
-4,82 L8B=
-4,99 LB=
-5,12 LB8=
-4,90 LB=
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-5.11 LB=
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-4,87 LB=
-4,74 LB=
-4,62 LB=
4,65 LB=
-4,72 LB=
4,57 LB=
-Le41 LB=
-S.41 LB=
-6.64 LB=
-5.58 LB=
-L,48 LB=
-4,52 LB=
-4,48 LB=

¢34 LB=
3.47 LB=
S.13 L8B=
7.11 LB=
8.08 LB=
8,85 LB=
693 LB=
6,28 LB=
5.23 LB=
9,68 LB8=
12,65 LB=
11,55 L8=
15.89 LB=
13,92 LB=

26,94
28.71
29.97
31.09
32.14
33.12
34,00
34.88
35.66
36.38
36.80
37.37
38.13
38.78
39.36
39,71
39,97
40,23
40.84
41,71
42.02
41,97
42,12
42,33
42,74
43,17
43,59
43.98
44,22
4,41
44,81
45,21
44,45
43,45
44 Th
46,05
46,23
46,47
51,50
54,83
56.68
58,86
60,01
60.96
59,23
58,74
57.87
62.49
65.62
64.68
69.18
67.37
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FLOS=
FLDS=
FLDS=
FLOS=
FLDS=
FLDS=
FLDS=
FLDS=
FLDS=
FLDS=
FLOS=
FLDS=
FLOS=
FLDS=
FLOS=
FLOS=
FLDS=
FLDS=
FLDS=
FLDS=
FLODS=
FLDS=
FLOS=
FLDS=
FLDS=
FLDS=
FLDS=
FLOS=
FLDS=
FLDS=
FLOS=
FLDS=
FLDS=
FLDS=
FLDS=
FLODS=
FLDS=
FLDS=
FLDS=
FLODS=
FLDS=
FLOS=
FLOS=
FLODS=
FLDS=
FLDS=
FLOS=
FLDS=
FLDS=
FLDS=
FLDS=
FLDS=

118.45
116.68
115.42
114,30
113.25
112.27
111.39
110.51
109.73
109.01
108.59
108,02
107.26
106.62
106.03
105.68
105.42
105.16
104.55
103.68
103.38
103.42
103.27
103.06
102.65
102.22
101.80
101,41
101.18
100.98
100.59
100.18
100.9%
101.94
100.65
99434
99,16
98,92
93.89
90.56
88.71
86453
85,38
B8Le43
86416
86465
87.52
82.90
79.77
80.71
76,21
78.02

TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=

TIME= -

TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=

<00
«02
« 05
« 06
«08
«10
12
o1l
17
.19
21
o« 2L
27
«29
«32
«35
«38
b1
« 43
o 46
<49
52
«55
«58
«60
63
«66
«69
«72
75
78
81
«85
«88
«91
1
«98
1.01
1.04
1. 08
1.12
1.16
1.19
1.23
1.27
1,32
1.35
1. 39
1. 44
1.48
1.56
1.61
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DKM=
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DKM=
DKM=
DKN=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
OKM=
DKM=
DKM=
OKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
OKM=
DKM=
DKM=
DKM=
OKM=
DKM=

Se.71
S.81
5.91
6.01
6e11
6.21
631
6ols1
6451
6.61
6e71
6.81
6.91
7.01
Te11
T.21
7.31
Tebd
7.51
T.61
Te71
T.81
7.91
8.01
8,11
8.21
8.31
8.01
8.51
8.61
8.71
8.81
8,91
9,01
9.11
9,21
9.31
9.41
9.51
9.61
9,71
9,81
9,91
10.01
10.11
10.21
10.31
10.%1
10.51
10.61
10.718
10.81
10.91

ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=

ADB= . .

ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=

“ADB=

ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=
ADB=

11.49
8,63
8.83

10.29

12.08

11.99

11.1YV

-10.60

9.11
Toll
8.70
8,10
6.62
S.62
L.88
4.28
3.89
3.L8
3.89
9.57
13.32
15.77
16.97
18,30
17.37
16,44
18.58
21.63
24.29
21.34
18.84
23 bl
32412
28.18
25.18
24423
22450
23,56
26402
27.74
28013
34, 81
33.61
32.08
29.91
26412
2Le58
23.04
23,03
23.17
23472
23475
23.57

L8=
Le=
LB=
Le=

LB8=.

LB=
LB=
L8=
LB=
L8=
LB=
LB=
LB=
LB=
LB=
LB=
LB=
L8=
LB=
LB=
LB=
LB=
L8=
LB=
LB=
LB=
LB=
LB=
LB=
LB=
LB=
LB8=

LB=
LB=
LB=
LB=
LB=
LB8=
LB=
LB=
LB=
LB=
LB=
LB=
Le=
LB=
LB=
Le=
Le=
LB=
LB=
LB=

65,09
62.39
62.73
64,34
66427
66,32
65.58
65,21
63.85
62.32
63.70
63,23
61.88
61.00
60.39
59.91
53.64
59.34
59.87
65.67
69.53
72,09
73.40
TL,84
74,02
73.19
75.45
78.60
81.36
78.51
76011
80,81
89,59
85.74
82.84
81.99
80.35
81.51
84,05
85.86
8634
93,11
92.01
90.56
88.07
84,77
83,31
81.86
81.94
82.16
82.78
82.90
82.79
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FLDS=
FLDS=
FLDS=
FLDS=
FLOS=
FLDS=
FLOS=
FLDS=
FLOS=
FLDS=
FLDS=
FLDS=
FLDS=
FLOS=
FLOS=
FLDS=
FLDS=
FLDS=
FLDS=
FLOS=
FLOS=
FLDS=
FLOS=
FLODS=
FLDS=
FLODS=
FLDOS=
FLOS=
FLDS=
FLDS=
FLOS=
FLDS=
FLDS=
FLDS=
FLOS=
FLDS=
FLDS=
FLDS=
FLDS=
FLODS=
FLDS=
FLDS=
FLODS=
FLDS=
FLDS=

FLODS=
FLOS=
FLOS=
FLOS=
FLOS=
FLDS=
FLDS=

80.30
83.00
82.56
81.05
79.12
79.07
79.81
80,18
81.54
83.07

81.69.

82.16
83.52
84,39
85.00
85,48
85.75
86.05
85.52
79,72
75.86
73.30
71.99

70455 -

71.37
72.20
69.95
66479
64,03
66.88
69.28
64.58
55.80
59,65
62.55
63.40
65.04
63,88
61.34
59,53
59,05
52.28
53.39
54.83
56.92
60.62
62.08
63.53
63.46
63.23
62.61
6249
62.60

TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=
TIME=

1.66
1.70
1.75
1,80
1.85
1.89
1,94
2,00
2,00
2. 09
2.14
2.19
2.24
2,29
2,34
2,39
2.45
2.49
2.55
2.61
2.67
2.73
2.80
2.86
2.91
2.97
3.02
3.08
3,14
3.19
3.24
3.30
3.36
3,42
3.49
3.55
3.61
3.67
3.72
3.78
3,84
3.91
3.98
4,05
4,13
4,20
4,27
4o 34
Lot
4,49
4,56
4,64
“.71




OKKM=
OKM=
DKM=
OKM=
DKM=
OKM=
DKM=
DKM=
DKXM=
DKM=
DKM=
OKM=
DKM=
OKM=
DKM=
DKM=

DKM=
DKM=
DKM=
DKM=
OKM=
OKM=
DKM=
OKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
DKM=
OKM=
DKM=
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